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© Apparatus and method for providing assay calibration data. 

© A semi-automated biological sample analyzer and subsystems are provided to simultaneously perform a 
plurality of enzyme immuno assays for himan IgE class antibodies specific to a panel of preselected allergens in 
each of a plurality of biological samples. A carousel is provided to position and hold a plurality of reaction 
cartridges. Each reaction cartridge includes a plurality of isolated test sites formed in a two dimensional array In 
a solid phase binding layer contained within a reaction well which is adapted to contain a biological sample to be 
assayed. The carousel and cartridges contain structures which cooperate to precisely position the cartridges in 
each of three separate dimensions so that each cartridge is positioned uniformly. An optical reader operating on 
a principle of diffuse reflectance is provided to read the results of the assays from each test site of each 
cartridge. Also provided is a subsystem which provides predetermined lot-specific assay calibration data which 
is useful for normalizing the results of various assays with respect to predetermined common standard values. 
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APPARATUS AKlD METH6D FOR PROVIDING ASSAY CAUBRATION DATA 

BACKGROUND OF THE INVENTION " / . ' 

The present invention relates 'generally to biological sample analyzers and more specifically to a semi- 
automated analyzer and subsystems thereof capable of simultaneously carrying out a panel of assays on 
5 each of a plurality of different biological samples. In "one aspect, the analyzer of the invention is adapted to 
simultaneously assay each of a plurality of biological fluid samples for human IgE class antibodies specific 
to a preselected panel of allergens. 
" "■ ■ a significant' portion of the population has some 'allergic reaction to substances such as pollen, animal 

>y> .^^jibr, £ r 0 fa er commonly present allergenic' substances. A key element in the treatment of such allergic 
'••mr,-? ^ ^y^pt^ms is identification of the particular substance to which a person may be allergic. Previous methods 
' 'for determining allergic hypersensitivity were performed the patient In these 

' direct Iskiri tests Vriinute quantities of various ailergbns were injected into or under the patient's skin and the 
particulair patch of Slcin was subsequently examined to 'determine whether or hot a person had an allergic 
reaction to the pfeviousiy Introduced allergen^ :v* .-> 

75 In addition to being 'uricbmfdrtable for the patient; patients on certain^ medications (i.e. antihistamines) 
' - cannot be accurately tested by direci skin tests.' r,: 1 ; '• 1 

Accordingly, a 'number of in^vitro testing procedures have : been developed. Such procedures detect 
circulating IgE in serum or plasrha " or other microbiological iriterreactions using an insoluble solid carrier 
coated with a known quantity of antigen extract derived from a known allergenic substance. The coated 
20 carrier is typically exposed to; and incubated in, sample of the patient's" blood serum. If the patient carries 
the IgE class atitibody which is "specific to the particular allergen and 'which is" the cause of the patient's 
allergic reaction to the allergen,* a measurable binding reaction occurs'on the carrier during the incubation 
period. The cbncentratioh ' Of' the* lgE : antibody ' in me sample and 1 accordingly the degree of allergic 
sensitivity of the patient is i then determined by measuring the " magnitude of the binding reaction either 
25 visually, photometrically, fiuorome^c^lyTradioidgically/erizymatic^ly, or by other known techniques. 

While such in-vitro procedures provide advantages over in-vivo testing procedures, they are not without 
disadvantages. First, a relatively large quantity of blood is required to test the patient's sensitivity to a large 
number of spedflc allergens. 1 Second, testing for a large number of different allergens in separate cuvettes 
is tedious and time consuming for the physician or technician performing the test. 
30 To this end, efforts hkve been devoted to develop a system which simultaneously tests for a number of 
specific allergens utilizing a single sample of the patienfs blood serum. For example, U.S. Patent Nos. 
3,941,876 (Marinkovich) and 4,031,197 (Marinkovich) disclose techniques for the screening of different IgE 
class antibodies. The techniques taught by Marinkovich involve coating ah elongated celiulosic body, such 
as a strip of ^paper, with separate identified allergens to form bands or islands, which are separated from 
35 one another by aliergen-free areas. The coated cellulose material is then contacted with a, test serum so 
that serum IgE class antibodies specific for the coated allergens will bind to the appropriate bands or 
islands. The celiulosic body is then washed and subsequently incubated with labelled antibodies that are 
reactive with the attached IgE class antibodies. The' bands or islands are then analyzed for the presence of 
the labeled antibodies. " ' ; " 

-w U.S. Patent No. 4,459,360; (Marinkovich) also discloses a similar multiple-component binding assay 
system which includes a plurality of coated "filaments mounted oh a support for simultaneously screening a 
liquid test sample for a plurality of components* Each of the filaments, which are preferably cotton threads, 
/ is used to bind a different ^lergem r - ■ 1 / 

* Another example of presently available in-vitro devices is given in U.S. Patent No. 4,567,149 (Sell et 
46 ai.), which discloses an apparatus Including a well which contains a jpluraltty of elongated strips. Each strip 
is coated with a separate assay binding' cbm^nent such as an antigen or allergen. The well is adapted to 
contairi a liquid specimen for incub^ the incubation process the liquid specimen is 

removed and the binding reaction Which 6'ccurred on eafch strip is determined by known methods. 
" still a further device which ' may be used for effecting a plurality of antibody-antigen reactions 

so simultaneously in one operation is disclosed in European Patent AppBcatioh No. 0 063 810 A1 (Gordon et 
al.). Th Gordon reference teaches a device for carrying out immuno-assays which compris s a solid 
porous support, preferably made of a nitrocellulose material, having antigens and/or immunoglobulins bound 
thereon by direct application thereby forming an array of test areas. The array thus formed comprises a 
plurality of dots or lines of th antigen and/or immunoglobins. 

Various systems are available which may be used in conjunction with the above-described multiple 



2 



EP 0 353 589 A2 



component binding assay systems to quantify the reactions which occur on the carriers. For example, U.S. 
Patent No. 4,558.013 (Marinkovich et al.) discloses an apparatus (which may be used in conjunction with a 
device .such as the one taught by Sell et al.) in which a carrier with an uncoated reference region is used to 
manually produce a strip of photographic film having a linear array of spots or stripes. Each spot or stripe 
5 on the film has an optical density indicating the magnitude of the binding reaction on a particular test strip 
or thread. A scanning densitometer is then used to successively measure the optical density of each film 
strip, thereby providing a quantitative measure of a patient's reaction to the various allergens. 
...... : . Another device t which may be used with the above-described multiple component binding assay 

systems to quantify the reaction, of each specific allergen is. taught in U.S. Patent No. 4,510,393 (Sell et al.) 
mj. which .discloses a portable photo chamber which is uspd to manually photographically record the magnitude 
of a chemical reaction evidenced by the emission of ra,dio activity , by .a substrate ..labelled with a radioactiv 

tracer. .?/ * : . .-.r. : ;/ - . • 

- ; , Although, these methods provide ad jvaptage$ coyer previously <availat?je in-vtt^o methods, and over the in- 
• ■• .vivo methods, they ape not without limrtatiqns., One-nriajor limitation is the fact Jhatthe methods for effecting 

" / \ /s . and measuring the^ re^ amount 
. • . of manual njanipulatipn by the r ph^ the -test , which incr&£es 0 1he time, cost, 

■ - < . and : risk ..pf'egpr. associated !9hY!$? #?9®du/^s ? inquire that the 

. ,multiccOTponent biological test garners 5 ^;ma^uaHy r c^t^ted : .wth r tjjp {liquid^ sai^pl0v ? b5lng analyzed, 
removed from the liquid sample, washed, and theaJn.^ soJ.utiw a label d 

. 20 second antibody that is- reactive Ll with tiunjaa- IgE-cl^^i^ carrier must be 

manually removed from the solution and the nrtegmtjufJft of the resulting, binding, reaction on the solid phase 
be then determined by autoradiography densitometry analysis as proposed 

;by.M^kov1ch,;by^ 

,v . . . procedure including 

.5^1" I'l^s.-orernqy^'g^wastV fluid' Xfor^exaiTiple ysed reagent^or -sample soltitiop). adding .wash solution agitating the 
I '* n r.*£ t - r " 1 .■;»* w^h.sol^o% time..period r Removing was6 solution ..adding more wash solution^ 

^ -j- I -iiani^ patient samples , v0 

3 ' ;^ ^rejt^ magnified. For instance, it 

- ten patient! sa analyzed, e^k/w^hiQg'.step. .alope^uld Tnyplye performing 90 washes. - ^ 
> 3o Triis would probably r^Mire. a minimum for the technician or- 

physician Ipr each washu^. step,reqw^ rr rr ... .. ~~ * _ \. * 

A number, of analyzers for automaftic^ly. analyzing '.a. piur^ity^ arp known. Such 

analyzers typically include' ^ijjtom^ providing wa^h ^'reagent, . 4hd ' sample fluids, and . 

automated apparatus for measuring the results of thejtests. on the. sampl?s._See,. for example, U.S. Patent ~ 
35 Nos. 4,427,294 (Nardo); 4,451,433 v (Yam^hita, ; ^et alJ); >,40?,547 (Aihara); ^4,575 (Kawakami, et al.); t 

3,964,867 (Berry); and. 4,061,469 (DuBo$e). , : v \ ; : ,, : 

Although these analyzers generally automate .the analysis .of a plurality of; biological samples for the. 

presence, of a particular substance, ^ "none;-! ^are 'suitable for , carrying out .tiie procedures required to . 

simultaneously .analyze a plurality of patient s^rrfples in a . plurality of te^t cartridges each containing a 
,40 plurality, of different test sites and eacr/adapted to simuitaneousiy perforrn a complete panel of tests on a 

■.. single sample. r-. ;r - : .- - t-v. ; - 

. Available systems have steli further limitations^^ the accuracy of test results derived from 

. devices, such as those disclosed, by Gordon et ai. ?inay less' than optimal. Since the test dots in the 
Gordon et al. device are formed by direct contact of the specific allergen with the nitrocellulose without an 
- : 45 effective means ffor . confining or. isolating the,allergeato ^specific area, the accuracy and reliability of the 
, ; ! / r , .results. thieved' with. this device are ^ affected. Speprificaliy, if dpts are, arranged in close proximity to 
t "l ; " , each. other- there is a possibility ftatlw/aiiergen.ton} migrate onto a neighboring test dot 

when the allergen is applied to the support This migratioa adv^ accuracy of the 

:\: . determination; of the patient's reaction, to., the f ^ do V Second, 

„ - ,ry-'W,; since the specific allergens are not confined Jp a Pf^oiermined ar^a, the concentration of allergen will vary 
: v . c from r dpt to dot on each carrier and from carrie/to'ia^e^ As a result depending on the detection technique 
, V / .employed,, dot to. dot variations in , optical de^ pf optical/ or other radiation resulting 

* from the binding reactions on a dot will' occur .in dependence on the area over which the allergen initially 
dispersed during the initial contact with the support. ^Such variations have, a .substantial adverse affect on the 
; , 55 uniformity and repeatability of test results,. ■_- ..; 

Therefore, in view of the. above, . it is a'general object of the present invention to provide a biological 
J . sample analyzer which may be used to automatically and simultaneously ca^ 

of a plurality of patient samples. ...... 
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It is a more specific object of the present invention to provide reaction cartridge means which are 
adapted for us in such an. analyzer to -Simultaneously test a patient sample fpr'a\plurality of different 
components with a single addition of patient sample and s lect d reagents and .which provides test results 
accessibl by an optical .r ader directly on the r action cartridge. 

It is also a more specific object of the present invention to provide reaction cartridge conveying means 
for such an analyzer including means to accurately and uniformly position, a plurality of such cartridges in 
three separate dimensions so that an optical reader can^ accurately and uritfornily read the results of a 
plurality- of tests pn each of a plurality of patient samples. 

It is also a more specific object of the present invention to provide means adapted use with such an 
analyzer to provide access to a ..large volume of predetermined assay calibration data, such means 
preferably including reaction cartridge means provided witff code means to access corresponding assay 
calibration data in a date storage ^ means. , '. * . . 

SUMMARY OF THE INVENTION .'\* t '' S*. '-' , ^ / , - 

To achieve the forego^ with the purposes of the present 

invention, automated apparels for Jesting each. bf ^ plurality pi biological samples for a plurality of selected 
assay binding components simul^equsly fe. provided.. / , • 

The apparatus includes , reaction a plurality df test sites each bound with a 
preselected first assay binding component which is adapted to capture a specific second assay binding 
component of interest in ^biolpgioal sample. v <A% , ^ ^ r , 

Cartridge conveying apparatus or rack means having at plurality of mounting locations each adapted to 
hold a reaction cartridge is .. operative, to £ selectively convey, tb^ ieafctipn wedges , tp s positions at which 
selected biological samples and reagent fluids are introduced jo [itfB^t^'sl^^im^ndti cartridge to 
simultaneously carry out a preselected panel of tests on each sample. The d^^Qe 'conveymg apparatus is 
further operative to selectively convey the reaction cartridges to a test, result readipg position. 

Test result reader apparatus is provided to read the -results of ttie tests directly from the* test sites on 
the cartridges at the reading position.. _ . ; - > > ■.-* v -. 

In one, aspect of the invention, ^ reaction cartridge is provicted which includes a plurality of isolated 
biological sample test sites contained .Within, a reaction well which is adapted to contain a biological sample 
to be tested- The reaction we'll .is configured "to provide direct optical access to each of the test sites. The 
cartridge, is further provided .with lock means which cooperate with lock means on a cartridge-conveying 
carousel rack to position and lock the cartridge in three dimensions in a predetermined position on the rack. 
The rack preferably .includes a plurality of openings each adapted to, receive a cartridge. 

in another aspect of the invention, apparatus is provided for providing assay calibration data adapted for 
use in assaying biological samples. Predetermined assay calibration data for normalizing the results of at 
least one assay /with respect to at least one predetermined standard value includes a first code for 
identifying the at least one assay to which thp calibration data corresponds. The calibration data is entered 
into a location in a data storage apparatus. Apparatus, such as a reaction cartridge, which is adapted for use 
in carrying, out, at least one, assay, includes to the at least one assay. 
Apparatus responsive to the second code is provided for correlating the second code to the first code to 
access the calibration data An the storage ^paritus. f 

The foregoing objects, advantages, and ppvel features of the invention as well as others will become 
apparent to those skilled in the art" upon examination of the following detailed, description of a presently 
preferred embodiment of, the invention , in . cbhjunctioh with the appended drayvihgs. The objects and 
advantages, of the , invention^ may, be T obtained "by means of the instrumentalities and combinations 
: particularly pointed out in, the appgfjded clairps. T . , • ; t 

BRIEF^DESCRIPTION OF THE DRAWINGS ,: V V : 

■ Figure 1 is* a .perspective view of a preferred 1 embodiment of the biological 'sample analyzer of the 
present invention.,- : 0 . _ . , . 

Rgure 2 is a perspective view of a preferred embodiment of a reaction cartridge and a partial 
cutaway view of a preferred cartridge-conveying carousel of the present invention. 

Rgure 3 is a top plan view of a preferred embodiment of the carousel of Rgure 2 illustrating the 
preferred cartridge positioning means of the present invention. 



EP 0 353 589 A2 



Figure 4 is a bottom plan view of the carousel of Figure 3. 

Figure 5 is an enlarged top plan, view of a prefened embodiment of the reaction cartridge illustrated 

in Figure 2! l \ \ . ^ . , ( V * u . " \ 

' Figure 6 is a partial sectional view through lines 6-6 showing the cartridge mbuntedMri the carousel 
s' illustrated in Figure 3. \ ' " 

Figure 7 is .a partial sectional view" through lines 7-7 showing the cartridge mounted in the carousel 
"illustrated in Rgiire 3. 1 *\; 

Figure 8 is* a magnified view, partially cutaway; through lines 8-8' showing isample test sites in a 
preferred laminate structure of the test Wd'of the present m 
7G Figure 9 is a cutaway side elevatibnal view of a preferred Embodiment of the boom arm and drive 

.arrangements of the present invention.. / . - / . { \.. V- 

_ , Figure 10 is a top plan view, partially in phantom ..illustrating the range of motion of the preferred 
boom arm of the present' invention.' " . v / /, - • v :< , 

Rgure 11 is an exploded perspective view, partially cutaway, of a preferred embodiment of a spring 
75 plate mounting arrangement for the boom arm and carousel drive motors of the present invention. 

Rgure 12 is a sectional view of the optical reader head of the present invention illustrating a preferred 

embodiment of an optical reader for reading test results. ■ - - - - - - 

Figure 13 is an electrical^ schematic diagram illustrating a preferred embodiment of a signal 
processing and control circuit foruse : witK'th^optical reader bf .Figure^ 12; " ' " : 

20 Rgure 14 is a block cfiagr^lll^ of apparatus of the invention for 

providing assay calibration data for use in testing rqatierit s "7 " 

Rgure 15 is i 1^ control architecture of the present* 

invention. ' " "" V "' J " ' <\ tr^l'VT J 

Rgure 16 . is an exploded view of a preferred 'erribbdiment^ covet comprising a part of the 

.."""".25. .reaction i ^'..\*''Z\-*.:^- t - 

RaSre' i7 \$ ! kitOTiitd pr^feired ertib<^iment 6f the 'well cbver' comprising a part of the reaction 

; cartridge pf.the RresehtJinyento ~ t .~ n .~.\ I 

. , DEf AILED ; 6£S$RjPf ION bF THE PRESENTLY PREFERRED EMBODIMENTS ; ~ 

30 " . ...... ^ 

Referring now to the drawings and specifically to RQS. 1*10, a bfological sample analyzer lOlncludes a 
processing chamber 11 iri which to test biological samplers. A chamber door 12 is preferably hingedly 
mounted to the' analyzed 10 overlying the chamber 1 11' ^ W iectively close off' arid provide access thereto. 
I Inset into the chamber door 12 is a translucent viewing* window'14 which allows an operator to view the 
35 activity within thb processing chamber. The window 14 preferably* includes a reagent addition port 16 
* through which reagents can be Introduced into the chambbr 1 1 without opening the chamber door 1 2. 

The processing chamber 11 bdhtstins a holding racki {preferably in the form of a rotatable carousel 18 
' which serves two primary purposed. Rrst, the 'carbusel 18 comprises means for holding and conveying 
reaction cartridges 80 in ordeV to position the cartridges to receive sample and selected reagents, to 
, 40 provide agitation required for processing thei samples and ' reagents, and to position the cartridges for 
reading test results therefrom. Second, the carousel 18 functions as a very precise optical bench, accurately 
j /' positioning each reaction cartridge 80 relative'to an bpticai reader 32, which is described in detail below, to 
facilitate accurate and repeatable reading of test results directly from the cartridges 80. Positioning and 
alignment of the cartridges 80 is preferably accomplished using' a three-point system associated with each 
45 cartridge 80. The three-point alignment systehn ; is more fully described below. The carousel 18 also 
preferably includes optical positioning mean? Which is^used to provide precise alignment of the carousel 
' and the optical readier 32 in a manner described; in detail below. 

As illustrated in RG. 1, the carousel 18 is preferabiy disposed" on a tilted axis. Rotation cf the carousel 
18 about tfiis tilted axis provides desirable action 6f the fluids in a reaction well 86 of each reaction 
so cartridge 80 thereby promoting faster and more cdriiplete reactions and allowing the use of smaller volumes 
of sample and reagents than has previously been possible. Rotation is preferably accomplished at a speed 
less than 25 rpm to avoid the effects of centrifugal force. Applicants have successfully used • rotational 
speeds in a range between 7 to about 20 rpm. The carouseriB Is preferably* tilted such that when a 
reaction cartridge. 80 is at the rear of the analyzer 10, the reaction cartridge 80 is at the top of the tilt 
55 thereby forcing fluid to collect at one end of the reaction well 86 (towards the top of the reaction cartridge 
as shown in RG. 5). As the carousel 18 rotates, fluid in the reaction well 86 flows across the surface of a 
test card or panel 82 toward the other 'end of the reaction well untfl the r action cartridge 80 r aches the 
bottom of the tilt (adjacent to the front of the : analyzer). The fluid motion is then repeated in the opposite 
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direction as the carousel 18 continues to rotate the reaction cartridge 80 back toward the top of the tilt 
thereby providing desirable fluid agitation. ' / 

The tilt of the carousel 18 may M implemented by any conventional support structure, but preferably is 
implemented by mounting W' carousel' 18 on a base, whichis inclined at the desired angle by conventional 
5 support means 1 . A tilt ancjte of approximately 10* is presently preferred but, as will be recognized by those 
skilled in the art, the tilt may 1 be within any appropriate range, for example 5-20*, which provides the 
: desired agitation. 

As described above, in manual testing procedures, washing of reaction supports or containers is by far 
the most tedious chore for the person performing the test The presently preferred biological sample 
1 to analyzer 10 of tiie present invention eliminates these tedious operator steps by automating the washing 
function using the combination of a miijroprbcessbr-controlled wash/waste unit 20 and tHe tilted carousel 18. 
The wash/waste unit preferably comprises a dual chamber container which Includes a chamber 22 for 

^ t / Voiding wash solution, and ajchamber 24"which provides containment for waste fluid aspirated from the 
reaction cartridges 80. A wash manifold 26 functions both as a cover for the chambers and as a mount for 
" 75 \ wash' tubing 23 and 'waste tubing 21. The cover 26 is preferably provided with suitable sealing means to 
prevent evaporation of tHe fluids contained in the wash 'arid waste chambers 22 and 24. 

In a\preferred embodiment, 1 a liquid level sensbir (hot shown) may be associated with the waste 
chamber 24 to detecfwtfe^^ 24 is full gnd provide a detection signal. An optical sensor 

(not shown) may. also>y *provi^ to s generate a 'detection signal when the cover 26 is not in an appropriate 

20 , position (such as when the coyer and/or the container wash/waste container are removed). 

Wash and waste fluids are caused to flow through wash and waste tubing 23 and 21 by means of 
peristaltic pumps 25 and £7. The .first peristaltic.'^ to deliver wash solution from th 

chamber 22 through tubing 23 while the second pump 27 is operative to-aspirate waste fluids through the 
tubing 21 'and into the Waste chamber 24. For reasons which Will become apparent the : waste pump 27 is 

25 preferably operated to generate a higher flow rate than the' wash pump 25; thus, the pin 29 of the wash 
pump 25 is disposed at a radius less than the radius of the pin of the waste pump ''27: The selection, 
construction, and operation of suitable peristaltic pumps is w^H kndwn to persons skilled in the art and a 
detailed description is hot necessary 1 to ai complete understanding of ^ 

Wash and , waste fluids; are prefer^iy in^i^ueed into and removed from the reaction wells 86 of 

30 reaction cartridges 80 mounted on carousel 18 by means of a fluid probe 28 which is connected with the 
wash and waste tubing 23 and 21 and which is mounted proximate the free end of a horizontal, pivotaliy- 
mounted probe arm 33, In a preferred embodiment, fluid access lo a reaction cartridge 80 is provided when 
the carousel 18 conveys the reaction cartridge 80 to a preselected wash position (preferably around the one 
o'clock position on the carouser.18 as viewed from the front of the biological analyzer 10 in FIG. 1). At this 

as position, the tilt of the carousel 18 causes any fluid in the reaction well 86 to gravitate towards a comer of 
the reaction well 86. The probe arm 33 is rotated so that the fluid probe 28 is positioned above the reacti n 
well 86 of the reaction cartridge 80, The probe arm 33 then pivots downwardly, causing the probe 28 to dip 
down into the comer of the reaction welL Pump 27 or 25 is' then operated to either aspirate fluid from or 
introduce fluid into the reaction well 86. 

40 Details of the assay protocol are discussed hereinafter. Upon completion of a panel of tests, the test 
results are preferably read by an optical reader system which is more fully described below, but which 
generally includes an optical reader 32 and an associated control and signal processing circuit. Briefly, the 
optical reader 32 includes a source of optical radiation, an optical detector, and an array of lenses, 
apertures and filters. The optical reader 32 is preferably mounted in a reader head which is in turn dispos d 
.45 proximate the free end of a horizontal rota^ly-mpunted optical reader arm 35. In order to read a test result 
. from a test site 84 on a reaction ^cartridge,, the, reaction cartridge 80 is conveyed by tfre carousel 18 to a 
predetermined reading position. The* reader arm 35 is then rotated out over the reaction well 86 of the 

. reaction cartridge 80 until the test site ^84^0 be read is aligned directly under the optical reader 32. The 
optical source of the optical reader 32 then emits a beam of optical radiation onto a small portion of the test 

so site 84 and the optical detector converts the intensity of the optical radiation reflected by the diffuse surface 
of the test site into, an. electrical signal,, The signal is then processed to obtain the optical density value of 
the test site 84 which is directly 1 related to the concentration of a binding component of interest in the 
biological sample which is specifically reactive with the capture reagent or binding component disposed on 
the test site. Under microprocessor control, the cairousel18 and optical reader arm 35 move in cooperation 

55 to sequentially position the optical reader 32 over each selected test site 84 until all selected test sites 84 
have been read. \ 

As shown in FIG. 1, the biological sample analyzer 10 preferably also includes a k yboard 34, which 
may be used by an operator to enter data and instrument function commands. The analyzer also preferably 
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includes a conventional display 36 and printer 38 which may be used to prompt the operator to tak action' 
during a : test cycle and to provide a record of test results, . , , t ....... P , . , 

The keyboard 34 pr ferably includes numeric keys >hat allow the user, to enter data such as assay 
calibration, data or the patient I.D. number associated with a certain r .action cartridge 80. th k yboard 34 
5 also preferably includes instrument function keys including for>xample an ENTER key which is operative to 
. enter data frorathe keyboard, a RUN key which is bp ratiye to initiate, oc resume a test procedure and an 
INDEX key which is operative to rotatably advance the carousel* 18 by one position. Other keys which allow 
keyboard data to be cleared or which provide control commands tor the printer (such as to eject paper or to 
pause the test operation). may also be provided. f . , ; 

10 : . As mentioned above, a controlled test environment r is preferably provided jn ^ chamber 
11- During an exemplary enzyme immur^o a?say ( whic^ example, the 

temperature, -in the qhamber is preferably] ma^teined at approximately 35* C.i 'temperature in the proc ssing 
chamber il.Js. suitably, maintained at ^.selected feyel.'fa^ mean? of one or rndre conventional electric coil 
. heaters, fans^ temperature sensors, arkfalte^ well known to persons 

is. skilled in.rthe ,art Most^s^ voltage 
, . across, the thermistor with an analog ^f^enpe voltage correspond^ * the 

thermistor voltage were below toe, re^^^^ signal to turn on the 

heater. The fan, would operate to„ co^ ln a more 

preferred embodiment. however.. a t ^ the;tempera^ s nsors 

at predetermined interyajs and *he tempera^ the desired level. 

the locations of the' various '*te^ SQftfgi,'^^ jt is preferable 

that any fans' beVmqunted pr th£ air ftc^lt^'^s Bo directed in such 'a way as to' avoid directly circulating 

across the optic^ re^ iri d f t ? il be!ow in order t0 

minirn^ of test results. The s lection, 

^r^ .ternper^^ well known to persons skilled 

^rTthe^aW a^ complete understanding of the 

. invention. ... ........ - . ; .-< .... - . > -f- -i -> ^ c ■ - . * • . * . 

In addition to thatempejatu> cpntrpVgomponentg <iesQj\$ed aBove^a conventional electncal resistance 
type heating strip 31 may be 'provided ! jn the* reii^onjc^^r.ll prpwmate to\and overlying the rotational 

30 path of. the carouseV 18 to apply additional heat to reacti;^ ak they are rotated on.tfje carousel 

18. Use; of sucha heating , strip. 31 is particularly advantageous Jn preventing condensation from forming on 
the well covers 9.P of >e, reaction cartridge/ 86' :wfach /pondensale pan affect the concentration of fluids in 
the reaction wells 66, adversely affect test results.' and constitutes a biohazard. 

In a particularly preferred embodLme^ a|?o includes optical code 

35 reader means 306 which may be . a convention code' reader wand and associated processing 

circuitry 308 (illustrated in FIG, (^/As deschbed jri detail .below, the optical code reader means 306 is 
used to particular advantage to enter large amounts pf assay calibration data into the biological sample 
analyzer loLwhich data is then used 'in the " preferred embpdimenrto normalize the test results obtained 
from various^test sites 84 on various reaction cafedges 80/ If desired, a storage compartment 40 can be 

40 provided to store trie optical i code reader means 306 when not in use. " ; 



25 . 



CAROUSEL AND REACTION CARTRIDGES 



1 L ' Referring nowto frGs*' ' f-7V a : more' J de^aSletl ^cr^iorT is given' of the reaction cartridges 80 and the 
carousel 18. As best ill Jstrated'.'in iiG/'5T*e v p*f^r&d reaction 'cartridge 80 Includes*' a test card 82 which 
includes an array of test sites 84 otheri The test card 82 is contained 

within a reaction Well 86 whi6h is defined by 'a^eli^all 68. The reaction well 86 is preferably provided with 

so Ja removable, preferably! fr^^ a reagent port 92 to facilitate 

V the delivery and removal of fluids from the re^ctidnwellSS.' 4 ''. ' . 

; ' The well cpver 90 is preferably made of one or'mbre Jayers ; of;a thin transparent material- with fairly 
resilient properties; such as a polyester film. A. suitable polyester filmis commercially available as MYLAR. 
The port 92 preferably is defined by multiple s[its in the well cover 90. The slits are preferably disposed in 
55 one of the lower corners of the reaction well 86 and arranged' to defin a generally Y-shaped port Since the 
- cover 90 is made of a fairly resilient material this arrangement provides a self-sealing port. The cover 90 is 
preferably removably adhered to the top'of the well wall 88 using a suitable adhesive.- ' ; - 

As described in more detail below, to further enhance the sealing capabilities of the port 92 of the cover 
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.." 90, the port 92 preferably, includes a second flap system formed in a second layer of polyester film and 
attached to the, underside of the first layer of polyester film of the cover 90. 

. A first preferred embodiment of the dual layered cover including the second flap system as illustrated in 
FIG. 16. The cover 90 inducted k first layer 400 bonded to a second layer 402 by a suitable adhesive. The 
s first layer 400 includes threi, slits which intersect at a single point t and are configured in a generally Y- 
shaped arrangement The Y-shaped silt arrangement defines a first layer port 406 with a first hinged flap 
. arrangement. The second layer 402 includes a pair of slits 412, 414 configured in a generally V-shaped 
. ... .arranged which define a second layer port 4d8 with a second layer hinged flap arrangement. As illustrated 
. in FIG. 16, the first layer flap arrangement and the second layer flap arrangement, are disposed such that 
10 the slits of each port 406, 408 do not directly line up. In this manner the flap of the second layer 402 seals 
'« , the slits of the port 406 in the first layer. 400. The flap areas, of both layers contain minimal or no effective 
>. r , f . adhesive to insure frep operation. . 1.. r . // \ ' . 

FIG. .17 illustrates another preferred . embpdimeiit of a .dual layered cover 90 including a. second flap 
system, the first or top layer 401 has a!Y-shaped port 43 configuration similar to the port 406 of the first 
75: layer 400 of ^e : emb<^iment Jllustrated in. BGi. 16 and discussed above. The second layer 404 includes 
. ; slits 416, 418 and 420. TTh© slits 4l6,and I 418 are disposed such that they define a generally Y-shaped slit 
arrangement the slits 418 and ^2Q ,are } disposed' sucti^that the Jwo slits 418 and ,420 define a generally V- 
shaped: arrangement, the three slits 416, 418 and 420'define a second l^yer port 410 with a second layer 
flap arrangement As witK,the : em^ 16, the flap arrangement of port 403 and the 

zo flap arrangement ofthe port 410, are disposed such ^ of each port 403, 410 do not directly line 

With the preferred embodiments of the port .92 illustrated jn F-IGs. 16 and 17, when the probe or syringe 
. needle, for ; example, entens the. reaction, well 86 through the slits r at, the Y-shaped port in the first or top 
layer, the hinged flap in the, bottom or second layer is pushed down, 'thereby opening the port 92. When the 
25 probe 28 or needle is wifrdrawn, the hinged flap returns , to ' its nontial, position, sealing' the slits of the port 
92 and thereby further enhancing the sealing capabilities, of the port 92. 

The reaction cartridge 80 ; alsp^preferably includes code, means, 94 such as an optical oar code which is 
attached to or printed directly on the flat surface 91 of the reaction cartridge 80 The bar code 94 is adapted 
to be read by the optical reader 32 or by other conventional optical reader means. In a particularly preferred 
30 embodiment, the bar code 94 includes a lot code which is advantageously used to access stored assay 
calibration data corresponding to the . particular reaction cartridge 80 being tested. A more detailed 
description of this feature of the invention; is given below. . 

The reaction cartridge/80 also preferably includes a panel 96 which may include information such as 
the expiration date of the particular reaction cartridge, the lot number of the particular panel of the capture 
35 reagents or assay binding components used to manufacture the reaction cartridge, and a section on which 
the operator may -manually record information such as a patient I.D. number and/or the date of the sampl 

being tested. ; .. r . / . , . , 

Referring now specifically to FIGs. 2-4, .the carousel 18 includes a plurality of openings 98 which are 
adapted to. receive the reaction cartridges 80. Lock means are provided on the carousel' 18 and the reaction 
4a cartridges 80 which cooperate, to precisely position .and lock each reaction cartridge 80 in the opening 98 in 
a precise predetermined position. Such positioning is preferred in order to minimise variations in the 
positioning of the cartridges relative to the optical reader 32 and the attendant position-induced variations in 
the readings of the test results from cartridge to cartridge. 
, preferably, a three-point system is .used . to, position and Jock each cartridge 80 in an opening 98. The 
.45 three-point locking system includes means if or positioning, and locking the reaction cartridge 80 in each of 
three predetermined dimensions, i.e., in , a radial direction, a circumferential direction, and a vertical 
direction. A radial direction is.defined here ..as\a direction which extends radially' from the center of th 
. : carousel ,18 and a circumferential direction Js defined here as a direction around the circumference of an 
imaginary circle which. is concentric .with the carousel 18, 
so . . Preferably the means for positioning a cartridge 80 in the vertical direction includes a set of tabs 100, 
102 arid 104 which are mounted at predetermined: vertical distances above the surface of the carousel 18 
and which are adapted to, engage the top of the flat horizontal surface 93 of the reaction cartridge 80. The 
positioning means preferably further includes, means .for vertically biasing the reaction cartridge 80 such that 
, the surface 93 firmly; engages the tabs 100, 102 and 104. 
55 . The preferred vertical biasing means includes spring clips 106 which are preferably integrally formed in 
the surface of the carousel 18 by molding or another suitable process of manufacture. The spring clips 106 
preferably include a first angled face 108 and a second angled face 110. The first angled face 108 is 
adapted to engage a vertically extending transverse rib 112 on the bottom of the reaction cartridge 80 as 
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the reaction cartridge 80 is inserted radially into the opening g8 and to urge the spring clip 106 downwardly 
to allow entry of the cartridge. The second angled face 110, which is preferably opposit ly inclined to the 
first ari^lecJ face 108. is adapted to erigag the rib 112 of the reaction ^cartridge 80 after it passes over the 
face 108 to lock th cartridge 8Q in position. The ahgl d face' 110 biases the rib 1 12 and thus th cartridge 
5 SO.upwardly such that the fiat horizontal surface 93 firmly engages the tabs 100, 102 and 104. The angled 
face 110 also functions to lock the reaction cartridge 80 in the predeterrnined vertical position. 

Preferably, , the ribs 112 are made of the samib material [ as the base 1 of the reaction cartridge 80 and are 
formed a^ an integral cqmpdhent thereof, for example by ajcpnventional plastic molding process. In addition 
to ribs 112, as best illustrated in FIG: 6. the preferred re^cfibri cartridge'80 also includes a flat substantially- 
io vertical wk 114 at the front of the cartridge '86: K ~ft\e vertical wailTlfHs adapted to engage a substantially- 
1 vertical mating wall portion 116 on the ^ preferably arranged as 

a circumferehtialiy extending Wall' portion ^^Best^sisien jh r R<§s:'2 and';3. 'The mating wails 114 and 116 
preferably iriclude at least' one contact point tan&entiaf \8 the cir6Umferdritially extending wall portion 116. 
The angled.faces .110 of the spring ( clips 106 function to urge orbias the' cartridge 80 in a forward or inward 
75 radial, djrection'subh triaVthe m&ting walj^ 1.^ the cartridge 

"V 80' is locked 'irf a precise predet#'rmijied'""rkdi^l fe^sjtion:; : ; " / , . / ' c 

trie means for positioning a ; t^ direction pr^fer^^ at least one 

and preferably a plurality''"^ ^ tfie cafiotis&l -ifii and the reaction 

cartridge 80 arid means for ^ 18 31 

these circumferential corit&t poihfef In .tfjwSterrkd embibimenilH^ <&rbusel ^includes vertical walls 122 
which are preferably formed as ^.irrfegr^ for example by a conventional 

plastic molding process. The vertical *w¥ir 122 inducted 'tfVadiairy^extending portion 124 which includes a 



20 these circumferential corit&bt ppir 

ah .fntdgraLl cbWrjon/rit ^f Ihejcai 
r a rtical vvjiir 122 inducted 'a^adiiallv 

first circumferential cpntact point 118 an<J. m angled pprtion 12§ which includes a second circumferential 
* contact point 120; J ftie prbfeirred" re^oh : (fridge 80 ' Jndtides* V' 

• "« wJL i Vv i.i. -.V .ii',. iiii^ 'if'-wj: Ji '°*JL^:**S -inlet* *A 



coniaci pomi i*u, mo p.omn^ .^uw.. w«. y , V y« "4 lf which is ^ ha P fe d to mate with the 

verticil wall 1^'and^hibh i^ firstcontact point 118 and 

! "ah'Wgled^^dr^ba 13S ' . 

1 : ' " illusirated ; b»st irfJFlG£ 2 arid 1 7, a; vertical ly^xionding spiring clip 132, which is preferably formed as 
an integral component bf^Wcbnd an|feii p6 : itbh' ; f31' l p1 fife' wairlSfc of carousel 18, is adapltedto engage 
ah angled side' w^^^ bias - the cartridge 80 in a 

do \drcumferential diWctidrt agairist the contc^^^ preferably jncludes the 
previously described t^^ * 

To facilitate the alignment' of the bartridge ; 80 Wheir it 'is being inserted into an opening 98 on the 
carousei 18, a second Vadiaily^ is-provided on the 

carousel 18 and a corresponding mating/wall is provideid ori the reactibh cartridge 80. 
35 As best shown in FIG! 6. the* cartridge 80 pref erably includes "a set of ribs F 138 which underlie the 
surface 93 and which provide a gripping surface for arr operator to irisert the : cartridge into orremove the 
cartridge from the carousel 18. ' ' ' • '■ ■ " , - v ' ! '"' 

As best illustrated in FIG. 3: the ; cdrdtisel is preferably' Includes optical positioning means 140. The 
optical positioning means 140 preferably comprises a parallelepiped structured 142 mounted atop a 
40 vertically extending base. Although dtfte? shapes' could' be usedfor structure 142, the parallelepiped 
' structure is preferred because the &dges of sucra : sVucture appear to be" normal to the arcuate path of 
motion of the optical reader 3# THebake pr^ferably^ends verticaily frorn surface of carousel 18 a 
predetermined distance' such th : ^^^ is disposed at the same 

elevation as the surface of a test c^d ;82 wh'en^ 80' is' in the- locked position in the 

45 carousel 18. " ' " \' 7'!' J " ' _ . 

the optical positioning means 140 is Advantageously used to determine a zero position reference from 
which tiie precise position of each test site •^ : ti^f\d^^^ < ia ^^ 80 on the carousel 18 may be 
computed fpr : precise access by the optical reader *32. In ord6r to precisely determine the positions of the 
v test sites 84 ; (or any other location oh 'a r Wacttbri ? l^rtrldgeijr M optical reader arm 35 rotates the optical 

so reader 32 to scan the optical positibnlrig u me^s"l^ r Thd : opticial • reader 32 scans the parallelepiped 
structure in both radial and circumfere'ritib^ir^fidrts. dn^eaeff sear*, flie optical reader 32 takes a plurality 

' of uniformly spaced optical reflection' intensity J rda^ings in a mariner described in detail below. By 
comparing the intensity 'of sequential- l reiflecti5ri c r¥ading$, the precise Ibcatioris of the^ edges of the 
parallelepiped structure are determmed. In The : preferred embodiment the locations of the edges are 

ss represented as a number of stepper motor counts of the boonr arm 30 and the carousel 18 from 
predetermined horn positions. After the ed§eM6cations of the parallelepiped structure are determined, the 
center of the parallelepiped structure 142 Is easily derived by dividing -the distances between opposite 
edges by two and adding the result to the number of steps between the home position of the boom arm 30 
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or carpus I 18 and the edg J Khowing the nominal dimension of the carousel 18 and cartridges 80, the 
position of each test site 84' or btheV location miay thdn be computed relative to the zero reference 

coordinates. , * . V "..V* . v " . . ,/ - 

As shown in FIG. 4/ encoding ring s gments 141, which can be read with an opto switch as is 
hereinafter described in d tail, are placed around the carbusel 18. The ring segments.141 preferably vary in 
length to identify, each station. * 

Preferably, the carousel 18 arid cartridge 80 are injection molded from a synthetic plastic material. An 
.acetal material is preferred for the carousel 18: A suitable material for the cartridge 80 is commercially 
.available as ABS plastic... V . .* . r, 

^ ' ; . ; TESJ CARD^ASSEMBLY ' ' " v • ' ; 



.. \is . . As de^ a reaction; well portion 86 which 

contains^ a patient sample arid selected reagents in contact with 

^ the test card~$$i^ ' .] ;' 'V', ,\" ' 

' Referring^ to FlG? ^ = r ^j^,"to^^^wtt*. is , preferably a laminate starcture comprising a binding layer 83 
adhered to a hor>absoi£ei^ as a double-sided adhesive film 87. The 

20 porous structare of nifo to have excellent absorption and adsorption qualities for a 

. . wide variety of fluid capture r^agpnfcs whicKniay be" ^ed in connection wth the invention and is therefore 
preferred for use. Nylon ; alsp f possesses, sim layer. Preferably, a 

nitrocellulose binding Jayer 83 has 'an .average .thickness at about 0.005 inches (127 um ^vg; ranging from 
approximately 115 to 1 80 qm) and. a, pore size of about .45 ion. although sbrrie latitude it permissible in 
25 these parameters. Preferably, a binding layer 83 is also tested 'for DNA hybridization papacity to bind 
proteins .or other materials.. A nitrocellulose product that has been found to operate well in the preferred 
embodiment is available frorh , MijHpore ^ (Bedford, MA) and is designated HAHY nitrocellulose. 

The non^absorberrtlsiibstrate 85 f is suitably a.polyeister film such as MYLAR plastic having a thickness 
' - * of approximately 0.002 inches. The binding, layer 83 is preferably pound to the non-absorbent substrate 85 
. 30 by a double-sided adhesive film 87 such as the adhesive film designated V-23 or V-29, both of which are 
commercially available from Fiexcon f (Spencer/ MA).. An adhesive backed polyester film is commercially 
. available from several, sources, including Flexcpn. the entire laminate structure comprising the test card 82 
is about 0.010-0.014 inehes thick. ! 

Rolls of the laminate material (nitrp-cellulose-adhesive-non-porous backing substrate) preferred for use 
.as in the. test card 82 of the present, invention are made by Millipore (Bedford, MA) by combining their 
nitrocellulose to the adhesive backed i-filoi'.. 

In a. preferred mode of manufacture, of the test cards, 82, the roils of laminate material are cut into 
sheets (not shown) approximately 5 inches wide by 6 inches long. Each sheet is punched with alignment 
holes for registration, throughout the manufacturing process. 
40 \ ^ The ultrasound instrument, typically a Branson 4AE or equivalent includes an ultrasound horn which is 
configured with a number of raised circular ridges. These ridges, which are preferably raised about 0.025 
inches, apply ultrasonic energy, when brought, into contact with the laminate sheet to create circular or 
/ annular, depressions 89 (best illustrated in FIG. 8) which go substantially or completely through the binding 
layer 83 and may enter into the non-absorbent substrate 85 or adhesive film 87. With a transparent 
~4S substrate, the depressions 89 are substantially optically transparent 

The circular depressions ( * 89 jn\the binding layer 83 create a plurality of isolated test sites 84 each 
xomposed. : of binding layer .material encircled by a moat. 99 of air space. Each test site 84 is adapted to 
support a reaction between a capture reagent . and a specific binding component in a test sample and to 
; confine the flow of tine capture reageqt ^piied tb the* test site 84 to a specific isolated area. As shown in 
- so FIG. 5," in a preferred embodiment a plurality of test sites 84 isolated by surrounding moats 99 are arranged 
in a predetermined two-dimensional array on the test card 82. Each test site 84 is preferably approximately 
0.1 inches in diameter and each moat 99 is approximately 0.01 inches across. It is preferable, but not 
essential, to employ an .array wherein the. moats. 99 considerably overlap one another. In this way, the 
number of test sites 84 on a test card 82 is maximized. In addition, sensitivity may be improved by 
55 reducing the amount of unused binding layer material that competes with the test sites for assay binding 
components. 

It is also preferable to have the depression extend substantially through the porous binding lay r 83 so 
that there are few, if any, pores interconnecting adjacent test sites 84 through which the capture reagents 
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might flow. Thus, the depression is substantially through the binding layer and preferably into the adhesive 
or .substrate layer. The depth and character of the depression are controlled by selection of the parameters 
for .the ultrasound instrument For pitrpcellulpse, the u|tr^ound !horn f total, pressure preferably ranges from 
about 20 psi to 42 psL The hold time may vary from about 10 ms to about 100 ms; the weld time may 
5, . range from about 150 ms, to about 400 ms, andjthe horn frequency is preferably approximately 40 kHz. 

" The two-dimensional array, of test sites 84 may be aphieved in the presently preferred embodiment by 
repeated application of an ultrasound horn having an array of six annular ridges. A high precision X-Y 
positioning table driven by. high resolution, compurter:cpntrolled stepper motors is used to align the sheet of 
laminate, material under the . horn. Advantageousjy,. a single program may be used to control the table 
70 movement as well as the horn movement. A plurality of holes are formed in the. table and are connected to 
a vacuum source so that the sheet can be firmly held to the table precisely aligned by placing the 
alignment holes over locating pins on the table. Following each application of the ultrasound horn, the sheet 
is moved an incremental amounj in..tfie r X-axis direction and the Y-axis direction as is appropriate to 
generate the preferred array shown in -RG. : : 5. 'Alternative arrays are completely within the skill of the 
75 ordinary artisan in this area. 

When. a desired number of .arrays, are welded onto, a sheet of the laminate material, the sheet is ready 
for the addition of. one or ..more selected capture Veage^ capture 
reagent and assay binding component are used iriterdharitjeably herein "i^y ;mean ! any compound capable 
.. of directly or indirectly binding a desired component from ^a For example, a capture 

20 reagent or assay binding component, may include antibodie^ antibiotih, avidin, lectins, or 

.. peptide .sequence proi3es,/„as;^wej! ; &^^mWnatipns [^'^B^^^k^^plc^yr reagents'" are delivered in 
aqueous solutions,, with or without st^llizersZ/wjlich are discussed in more detail below: 
^ Jn^a presently ; preferred embqdi^ allergen which binds human IgE 

£tos ^ntito^ compilation" of such allergens is 

!. -?5,. Joiirii oV AXONipS^Of course, Jrisl;aJsb possible tq -employ antibodi s as 

. J tte^ trie'pati^nVs^^^ple. 'Sample's can J comprise serum, blood, urine, 

/ CSF, sajjva^d tfie jilted , * J'' 1 . \ .; . V'' "",.1 \ ' T. 5 * : ' { .. 

^dyantag^busly,, a different capture reagent is delivered to each test site 84 so that a single sample can 
. beVs^mul^anMusly test^ for the presence 'of ~ binding cprnponents specific- to each of a panel '-of different 
30 " capture reagents, 'Some' f^.a1«;.84 may have arial^ to serve as positive control sites. 

, Other test sites 84 may have ho rpagents/deiiWred tobrefor; £nd can Serve as"' negative control or referenc 
sites. Preferably, from about 1.$ to 4 fdl t>f capture reWgertt solution fs" delivered to each test site 84. This 
volume exceeds that vyhich can be : ; absorbed or of the nitrocellulose comprising each 

test site 84 and the excess reagent' will bead up over the tesS^site 84 until it dries and evaporates. If a 
35 significantly greater volume of capture reagent is delivered,' however, reagent may fill the moat 99 and 
cross to. adjacent test sites 8^ , ' 

Capture reagent may be delivered to% delivery methods 
including reagent jetting, metered ^air pulsing, positive ^ capillary tube lowered to 

the surface^ of the" tesjLsite 84; In a" preferred, m are delivered to a 

40 " plurality' of "test siW84 simultaneously.' ~ /."[.Vi'/ 

Positive, displacement \s the pr^ehtiy ^used WetKbel of delivering reagents to the test sites 84. In this 
; \metho&. a sheet of te,st card jarniftafe maWn&i is ^cuum ^mounted brt an X-Y positioning table sirriilar to that 
r!desccii>ed previously., A . prepi sei Voitivine erf "'^.agdnt : '(^dut' 2 ul f or exam p ie , is delivered by a positive 
- . displacement. ^ or Pepper motor which displaces the plungers 

45 of a pruraiity : oT syringeW fixed to & /support ^ to a plurality of delivery 

capillary tubes. " "... Vj-.'V^-- " ' 

JJp,to,60 (but preferably about" 6, to '"TO) such Jdefiy^ tubefe pin be arranged in a fixture which can be 
. . „.*" raised and lowered using; suitable high ^r®^ deposit droplets of reagent * 

on the nifrpMNuJose test Isites, The sheik 1> : ^W ; jfi8yetf : bVyWe^Y tableland a : preselected reagent is 
so "deposited on tKe 'next array. 'WheW'ajl the ^^ff^ibiy arrays iii a sheet of test card material are filled 
with the first pass of capture reagerits, a new i^rihge plump set of reagents can be set up for second pass 
delivery to other test sites in each of the arrays. Offsettirig the 'delivery tubes and the pass routes so that 
non-adjacent test sites are spotted * during each pass arid between two passes minimizes the risk of 
reagents running together prior to drying. _ 

When , each test site 84 on a sheet of test card material has been spott d with capture r agents (or 
control reagents) the test sites <are flowed to dry thoroughly at roorh temperature. Drying time may range 
from about 3-72 hours, but is most preferably at least 9 hoursr 

After drying is completed, the. binding layer 83 of the test card material is preferably "blocked" with a 
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protein coating such as inactivated horse serum or fish gelatin. Blocking masks potential non-specific 
binding sites on. the binding layer " .83 (including control or reference test sites which have no capture 
reagent) and eliminates excess unbound capture reagent to reduce, competition and non-specific binding. 
Suitable blocking is obtained, during .an incubation period of about 1 hour at approximately 37 # C and is 
preferably accomplished in t^ks>^ agitation during incubation. n 

Following blocking, the test card material is. washed three! time? in 10 mM Tji$ buffered saline (TBS) 
and allowed, to dry 'overnight 

Individual' test cards 82 are preferably cut from the dried , sheets of laminate material in generally 
rectangular shapes adapted .to, fit the reaction, wells 86 of the cartridges 80. Registration holes are also used 
to align the sheets with respept to a punch which, operates to cut out the individual test cards 82. In order to 
optimize assay sensitivity, it is preferred, ttiat.tt^ cut jest cards 82 t have; miniriial unused area of binding 
layer "matejial.r . . . . .. , .... s , .; 

V The individual ,test : cards 82 are preferably adhered to the bottom surfaces of the reaction wells 86 
fusing 'a Vq-si^ positioning pf the tpst cards 82 in the, wells 86 is critical since 

accurate optical reading^of the test sites 84 depends oh precise positioning of the arrays with respect to the 
zero' position ref^renca For this reason a vacuum jig apparatus (not shown) is 

preferably used to inse^ tek pards. 82 into the wel(s_86. Each test card 82 is placed in the corner of a jig 
abutting two sidewallsXy^uum drawn, through holes In the jig . hplds the test card 82 in place. When the test 
card 82 is ready for: transfer,, a ^movable .head ^ aligred with' pins on the jig descends oyer and contacts the 
test card 82. The vacuum is'fr^sferred from the jig to the head and the head, with the test card 82 now 
attached, is moved to a, second jig having identical ^ignmem the pins and 

into the reaction well 86 of .ja i rartn i .dge.80' fixed in the second jig so thatttie head precisely registers the test 
card 82 in the well 86i The head vacuum is then released and, the double-sided adhesive tape on the 
bottom surface of foe, well N 86^adhe^ V. t ..' .'..[S "J 

Stabiiizers may be .used. jf stability of the capture "reagents delivered to the test 

sites 84. For example, vyjth; known agents.; An exemplary 

listing. of such agents and their. final, preferred concentrations are given in Table .1. . ;> 



\ « ' ^ Crosslinking Agents 


' . .. .. r . ^ Agent 


Concentration 


1-ethyi-3-dimethylamin6propyl carbbdiimidei (EDACyNaBhU 
Formalin 

Tetrahydrofuran (THF) 

Formalin/THF : w ' ' 1 : 
Acetic acid/NaOH neutralization- 4 z r 
■ Glutaraldehyde ^ . ■ v • 


5 mg/ml /0.4 mg/ml 
4% 
20% 
4%/ 20% 
8% acetic acid 
3% 



- In addition some proteins *. may be .stabilized via", photpcrossrlinking. For example the use of N- 
Hydroxysuccinimidyl^azidobenzoate,,(HSABj t ,and UY. light has been described for linking insulin to 
nitrocellulose. See Kakrta et ah, ^ Diabetes v.31," pp.. 648-H652, July 1982.;Through the use of these known 
techniques, capture reagent can ,be fixed to a test .she 84 without covalent bonding. 

. r Alternatively, covalent bonding <nay, be! u^d'tp attach capture reagent to a . test site' 84, with or without 

. spacer or linker molecules, Funrf^ layer material such as nitrocellulose or nylon can 

be achieved through a jiumber of mechanisms known in the art t 

HORIZONTAL BOOM ARM AND DRIVES. 



: Referring now to FIGs. 9 and 10, a more detailed description of the preferred boom arm 30 is provided. 
The horizontal boom arm 30 provides means for positioning the optical reader 32 and the wash/waste probe 
28 over the cartridges 80 in carous I 18. In a preferred embodiment, the boom arm 30 includes both the 
prob arm 33 and the optical reader arm 35. mechanically interconnected. Preferably, a high resolution 
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stepper motor 50 is used to rotate the boom arm 30 to position the optical reader 32 and the probe 28 in 
precise increments along an arcuate path. The stepper motor 50 includes a shaft with a fixedly attached 
pinion gear 51 which preferably engages" a sector gear 52. The sector gear 52 is in turn fixedly mounted to 
a shaft 53 whidh supports a^.'fbceU end Of the 'optical read r arm 35 of the boom arrrt 30. The shaft 53 is 
5 * preferabfy foiatably mounted tb a base plate' 54 by conventional "bearing' means 55. The base plate 54 may 
be consWcteci of any suitable material, as fbr exampleV'ca^ 'aiu^inurri/ 

Since precise alignment between the bbdrn arm 30 arid pinion gear is desirable; the boom arm 30 and 
* pinion gear 51 are preferably mounted to their "respective shafts by means of a keyed arrangement 

The gear ratio of the sector gear 52 to the pinion gear 51 ma£ be any suitable ratio which provides the 
io precise 'boom aVm poisitioning required, but a ratio of about |3.fi8/1 V|th the pinion gear having a pitch 
diarfieter of appr^xirhat^iy .375 inches ^ arid. a total 1 ^i'in^js'prB^Mf preferred. * 

The carouse! 18 ' is'" preferably <drrve^' by *'a : similar ^stepper 'nf^&t'iarrangeitidrtt A carousel stepper motor 
56 rnounted'to the 6as6 plate 54, rbtatably drives a sftaWwith a fixedly 'attached pinion qear 57. The pinion 
gear 57 in turn engages a geaf 58 which is fixedly connected to the mounting shaft fcjf the carousel 18, 
75 which sui^ tearing ^^rran^prnenjU In a preferred 

\ embod|rnent' ifh^. ^ar'^58^ha^' S^pifcj^j^ ratio of 

approximately 1Q/1^wi& re^ about 0.375 

inches and a total of 18 ^ee^ pr f rably 

provided with' a keyed airringem^ J * J* \ , ' . 

2p the sector gear 52^ and ^ a£ aluminum or a plastic 

\ material such ( as; an acetki^ the^ trade name DELRIN is 

presently preferred for use. Sirru^ any suitable material, 

presently it'is.^pref erred to machine 'tresW ^ precision stepper motors 

; " may b^purchased from r s&vWii ^rrtrhjifciSi ^6ufee^- A '[^^^^^^s^m^ stepper motor is commercially 
25 available from Ve^^ _ ./ 

Since precise positioning 6f|trTe 'optical rea^ 18 is critical, the optical 

; ^reade/^ 'kfitel thS (i^tfsel Was t 0osSble: r Theref6re. the shafte which rotate 

1 th6 boom arrh 30^and carousel 18 are preferably cafdfuliy^ mounted center to center 

distance therebetween with very close tolerance. r /&drtibhaHyV both Shafts rare ( 'preferably carefully mounted 
30 to maintain precise vertical alignment between Jheir center axes. 

If desired, further leveling may be obtained by fixedly mounting a flat positioning cover plate (not 
shown) on the carousel drive shaft between the gear 58 andjhe carousel 18. Such a cover plate preferably 
includes locating pins which engage corresponding apertures in the gear 58 to precisely align the cover 
plate to the*gear 58. The carousel -18 preferably includes means- which engage key means 'Sn the cover 
35 plate to precisely position the carousel on the cover ^j^-^referjably, means are also provided to secure 
the carousel 18. to the cover plate. The coyer plate may Be . made of,, any suitable material such as aluminum 
coated with a suitable finish. , .c. — 

As mentioned previously, exact positioning of the boom arm 30 and carousel 18 is accomplished by 
counting the number of steps taken by the stepper -motors 50 and 56. In a preferred embodiment, exact 
40 positioning of , the optical reader 32 over any test site • 84 of a cartridge 80 on the carousel 18 is 
implemented by a combination of movement of the optical reader 32 in an arcuate path and rotation of the 
carousel 18 to bring a cartridge 80 into a reading position which intersects the path of the optical reader 32. 

Since the precise number of steps taken by stepper motors 50 and 56 is critical for positioning the 
reader head 32 over any particular test site 84, backlash transmitted from the stepper motors 50 and/or 56 
45 to the gears 52' and 58 may introduce positioning errors which may introduce error into the optical readings. 
In ordei" to reduce isuch backlash, floating mounting means are preferably provided for the stepper motors 
50 arid 56: In a particuiariy -preferrecl embodiment, ^ 61- (shown in FIG. 11 with 

respect to stepper motor 50) is adapted 'to prbvider the Opinion gear 51 with a degree of freedom of 
movement in the'Y^irection while re#ictin'g mbvem X*direction. The spring plate 51 is fixedly 

so rriburited tb the base plate 54 hear the. butef section "The ' stepper motor 50 is fixedly attached to the 
center portion 63 of the spring plate 61 by coriventibnaJ fastening means. In this manner, the pinion gear 51 
firmly engages the sector gear 52 when the stepper motor 50 is rotating in a forward direction. The single 
direction of freedom of movement provided by the spring plate 51 prevents any backlash from the stepper 
motor 50 from being transmitted tb the. sector gear 52.* 
55 Referring to FIG. 9. the horizontal probe arm 33 of the boom arm 30 has a fixed end which is 
mechanically connected to the optical reader arm 35 and a free end which carries the wash/waste probe 28. 
The probe arm 33 is preferably pivotally mourited to ears extending downwardly from the optical reader arm 
' 35 by a pivot pin 65! ' * ' ! ~ " ; . \ ^ ' \ ' ' \ '. 
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^ In a preferred embodiment a linear actuator motor 66 haying a shaft 67 is Coupled to a tab 68 which 
extends upwardly from the probe 'arm 33. When the shaft 67 is retracted, the' probe arrh 33 pivots upwardly 
about the pWqt pin 65. When the shaft 67 is extended, the probe arm 32 pivots downwardly, about the pivot 
pin 65. Suitable linear actiiatbrs rribtbrs are commercially available from a number of sources including 
5 ' Airpax. ^ \ L . ^/ ' *\ i \ ' ' ." " 

As best illustrated in FIG. 9, the outward' side piortion of the probe arm 33 may be left open to allow 
- access to the wash and waste tubing 23 and 21, which may occasionally or routinely, need to be replaced. 
In a preferred embodiment the probe arm 33 is provided with snap or guide means to hold the tubes 21 
and 23 in place and allow easy removal and insertion of the tubing. ' ' . \ 

70 . \ the tubes 21 and 23* preferably connect to probe block means 31 which' may be mounted proximate 
the free end of the probe sirrn 33 in any suitable fashion. The probe block means 31 provides means for 
both the wash arid waste pumps 25' and 27 to deliver and remove fluid trough the same wash/waste probe 
;'*"""' 28. The probe block 31 prevents corifemin'ation of the probe 28 by providing separate entry points for wash 
acid waste fluids, with the wash point preferably being above the waste point. Both the wash and waste 
75 points; connect to a cdmmoh fluid channel which in turn opens into the probe 28. Priming of the probe block 
means 31 may be accompiished by deiiveirin'g Wash solution to the probe biock and aspirating fluid from the 
probe block sWglterieousiy. As mentioned previously/ the waste pump 27 is preferably operated at a 
greater rate than the w^sh pump 25 r so that during priming the wash solution never escapes the probe tip 
28 and is passed dirwti/'in^ This priming procedure is preferably performed before 

20 each test run and is also advantages after changing wash and waste units 22 and 24 or 

before and after tubing chahge$. r „ ^ ' r V . , , 

Preferably/ the drive jait^gements also include home position indicator means associated with the 
'carousel 18 and boom ^rfri 30; ^ Such^means adyantageotisly provide signals indicating when the carousel 18 
arid boom arm 30 are : in their r^j^dtiye predetermined home or starting positions.' These means include 
25 optical switches (not showny ^ blocking ^ flags on the carousel 18 ^nd probe arm 
30 to indicate when the carby^l I8^and probe ; arm ' 30 pass through predetermined home positions. Th 
previously described encoding ring segmente d indicators. Suitable optical 

switches are commerciaily available from Optb Switch, inc. of McKinney, Texas as Model No. 0288. These 
switches are particularly preferred for use with a microprocessor-controlled analyzer because of their ability 
30 to generate a digital output. 

OPTICAL READER 

In a presently preferred embodiment, the optical reader 32 operates on a principle of diffuse reflectance 
to read test results from 'the test sites 84 of the reaction cartridges 80. In the diffuse reflectance principle of 
operation, optical radiation is emitted onto the optically diffuse surface of a test site 84 and the intensity of 
° the optical radiation diffusely reflected 1 by the surface is detected. The density varies as a result of color 
40 developments by adding conjugate and developing as described in detail hereinafter. The intensity of the 
diffusely reflected optical radiation is then processed as described in detail below to obtain an optical 
density value which indicates the maignitude pf the binding reaction between a capture reagent or assay 
" binding component bound to the test site 84 and a second binding component of interest in the sample 
' ' tested which, has a specific binding affinity for the first component. It will be appreciated by persons skilled 
4€ in the art that alternative optical reading apparatus such as a fluorometer, for example, could also be used if 
Vdesired^depending upon the p K 

Referring to FIG. 12, in the preferred embodiment the optical reader 32 comprises a reflectometer 160 
which is mounted in. a reader head 1 55. The „ readerhead 155 is preferably integrally formed with or, 
V\aitemativeiy, mechanically connected the horizontal optical reader boom arm 33 as best 

so seen in FIGs.. 1 and 9. t , - ■ 

t \ ,\ In the presently preferred, embodiment ^ reflectometer 160 includes optical source means 162 and 
optical detector means 164. The optical source means 162 is preferably a solid state device such as a light 
. emitting diode (LED). In particular, a model H-300Q high intensity red LED which is sold commercially by 
Stanley and which emits optical radiation at a nominal wavelength of approximately 660 nanometers at 35 
55 . degrees centigrade is preferred. The optical detector means 164 is also preferably a solid state device such 
as a photodiode or phototransistor. In particular, a model VDT 020D hybrid silicon photod teeter/amplifier 
which is available commercially from United Detector Technology is preferred. 

A cylindrical illumination bore 166 and a cylindrical reflection bore 168 are provided in the optical 
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reader head 155 by means of appropriate machining. The reflection bore 168 is preferably formed vertically 
so that its center axis is substantially perpendicular, to the surfaces of the test sites 84 to be read when the 
reader 32; is "portioned over a r action cartridge 80'/TI)Vjllumination bore 168 js preferably formed with its 
* center axis being at ah acute 'angle from the vertical center axis, of the reflection bore 168.. In particular, the 
.5" illumination "bore 166 is preferably formed witfiVfe center '^s. being at an angle of approximately 30 
degrees from the vertical center axis of the reflection bore 168. this arrangement minimizes the amount of 
optical radiation specularly reflected from a. test site to the optical detection means 164 and avoids 
occlusion of the optical beam emitted by the optical source means. 162 by* the wall 88 of the reaction well 
86, which would undesirably reduce sighaj levels., V.. " 

'id The illumination bore 166 has three concentric sections 166a,* 166b, and 166c with the upper section 
166a having a slightly larger inside diameter tban.the. midcjfe section 166b and the middle section 166b 
having a slightly larger inside djameter than the lower section 1.66c*. $n annular shouider170 is formed 
/between the middle and lower sections "166b and .166c;. Lens means 172,. which. is preferably a circular 
biconvex lens, has a slightly smaller outside diameter Jthan the ,' instate diameter of the. middle. section 166b. 
T5 . Lens means 11 72 is mounted in the. middle sectigp. 1 (§j£b and is Supported th§ re jn by Jhe shoulder 1 70 about 
its perimeter. An annular ring 174 i^aying'^pufslde diameter slightly smaller of the 

middle section 166b' and. an inner diarneie^ j^immize v Q^^^ lens means 

172 is 'mounted in the middle seclfo^ 176 also 

having an outside diameter slightly ^smaller tfian the ^ insjde^diamete pi .the middle section 166b is mounted 
.20 lengthwise therein atop the^annuJaWnng i £f jfi supported ^reBy^^rf its ^periphery. 

The annular spring 176 'emends ^upw ( ^ly into .the > top, s r ecti on V :166a arid engages the bottom of a 
cylindrical LED holder 178 wfiicfi has ai outside diameter ^Tightly tes& ihan the inside diameter of the top 
section 166a and which js mounted holder 17a contains -a cylindrical LED 

"mounting ^ chamber 1( Bp. A concentric cylindrical, counte^hk iB2 is forrned. around the top., of the chamber 
A*p.J<^ to support the flanged 

^.^n^eteV of an j£i^ in ihe mounting'^ 162 is also preferably 

\ ^hered +0 Vsihg a'^^ thereof which could 

' ^ ^vWs^ test >e^lts/'T^V''.jLEl5 h"ojder,y7ff fef preferably machined of an anodized 

V" ^urninum, Wi'd. tsj provided with . a blackened inside ."iuj^^ce * rti'lnimize optical" scattering. However, other 
3b, ; processes and materials known. to Arsons skilled in the art and haying suitable optical qualities may also 
be used. — < 

A cylindrical volume aperture 1 96 having a relatively small diameter compared to the diameter of the 
bore 166 is preferably provided in the bottom wall of the LED holder 178 to communicate the optical 
radiation emitted by the LED 162 into the illumination bore 166. The volume aperture 196 is preferably 
35 concentric with the mounting chamber 180 and the "illumination bore 166 and preferably has a longitudinal 
dimension that is several times greater than the inside diameter thereof, which in a presently preferred 
embodiment may be approximately .025 inches. . . _ , . 

The useV of the volume aperture 1£!6 iis. particularly. advantageo'us in, minimizing optical aberrations 
commonly associated with LED's. For example, typical LED's are* known to provide non-uniform sourc s of 
40 optical radiation due. to the presence of dark. spots and/or inaccurate location of the semiconductor junction. 
The volume, aperture. 196 ope/ates 'jq collect and diffuse the, optical radiation emitted from the lens of th 
LED 162 to provide a more uniform ' optical spurM. ..,**'*."/'*. 

' J In a presently ^ preferrecJ embodiment, adjustment means are provided for adjusting the optical beam 
emitted from this, illumination bore 1 66V A mounting, tab', i 86 haying an opening- 1 88 is integrally formed with 
45 * the LED holder ,178. The mountirig "tab" 18$ mountsVin 190 when "the LED, holder 1 79 is mounted in 

the reader" head 155. A threaded bdre { 192/ concentric W 188 is provided . to engage a 

1 threaded fastener 194 such as a screw ^ the opening 188. The threaded 

fastener 194 may be manually turned r tp adjusftte Ipc^ holder 178 and thus the LED 162 In 

" th'e illumination bore 166. " ; t , t \^.J~y '[^\?* VZ'r' 'i']*r~ '/ .-, » 

50 The reflection bore 168 has; Wo concent^ sKtipn^ieSa' and 168b with the inside diameter 

of section 168a being slightly greater than thia inside diameter of section 168b so that an annular shoulder 
200 is formed between the two .sections. . Lens .means 202, which is preferably a circular' plano-convex lens, 
has a slightly smaller, outside diametet than the inside diameter of. section 168a "and is mounted therein 
supported about the periphery of its planar side, by the shoulder 200. 
55 An.ainnular compression ring 204 also . haLving an outside dikrneter slightly smaller than the inside 
diameter of section 168a is mounted theYein iatbp the. tens means 202 and, in particular; atdpi the convex 
"* side of the lens means 202. Thejihside diameter of the compression ring 204 is preferably dimensioned to 
minimize optical interference with the lens means 202. W 
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An elongated annular insert 206 Having an outside diameter slightly less than the inside diameter of the 
section 168a and an insjde : diameter* approximately the same as the ring 204 is mounted lengthwise in 
section 168a atop the ' annular, ring 204.. the insert 206 is preferably black and is dejsigned to cover 
substantially the entire exposed' inner surface of the reflection bore 168 in order to minimize optical 
5 scattering thereto. The, inside surface of the insert 206 is advantageously provided with thread-like 
discontinuities which further assist in this function. In the preferred embodiment, the insert is molded or 
machined of a black plastic, preferably a plastic' sold commercially under the trade name DELRIN, although 
other materials having suitable optical properties may also be used. 

; t Preferably, a circular optical filter 208 haying .an outside diameter slightly less than the inside diameter 

70 ..of jthe. section 168a is mounted therein atop the insert 206. The optical filter 208 is preferably a red, Schott 
^ g!^5" band-stop .filter which . is substantiially trahsm|ssiye only to optical radiation having wavelengths abov 

V-..-- /^N^pately ©30 nanpmejers^ , ... . . * ' . . . V 

' '"C.l '.'!-/ ^.cylindrical detector vyell 210 haying ^/inside diameter greater than the inside diameter of the section 
* 1 68a and concentric with section 168a Is preferably formed around the top of section 168a An annular 

75, , aperture; element 212 ..having .an outside. diameter slightly less than ; the inside diameter of the detector well 
210 Amounted I .tijerei^ byeriying the optical filter means ,20$. The optical detector means 164 extends 
inside the detector. -well 21 0^ with its optically active jsurfacje facing the aperture element 212. In a preferred 
embodiment, [..the ppitiral detector, means "164 is. mounted directly to a. printed circuit board (not shown) 
which, overlies the cj^te^n i^lf 2T 0- ! * > , . r ! ^ ,,\ , ^ . 

20 The circular aperture . f oi!nite£C s by^the^ inside,' dia^beter of the annuls ' aperture element 212 is preferably 
.concentric with the-reflectip^ the detector>eil.21p^ the aperture determines 

. the size of the area of a.test site ,84.from Which ; ref leptecl ppitical radiation .is mtrpduced to the optically- 
active area of the optical , d,etectpr, ^ 1(34.. Prefer^^^^^ a diameter 

slightly larger than that f of, the t optical beam which impinges to provide a slightly increased 

25 depth of fiejd. This : feature advahtagebusly reduces the sensitivity ^ signal to 

minor variations -.in jetted. &$^cf between.. various test sites jSnd, the optical reader 32. in addition, the 
diameter of the aperture is preferably selected to allow reflected optical radiation to impinge on substantially 
the entire optically-sensitive, surface,. of the. optical. deiertQr jmea^ 164 in order to maximize the output 
signal level of the optical, detector mearis 164. , , 

30 . It is possible that when 'the optical ; reader 32 is positioned with the reflection bore 168 over a test sit 
84 located adjacent to the well wall ,88 of a cartridge 80,. the wall 88 can occlude the optical beam emitted 
from the illumination bore 166 'and . adversely affect the reading, of the test site. This possibility can b 
prevented by offsetting the illumination bore '166 'radially- from, the reflection bore 168 toward the free end of 
the optical reader arm 33 by a few degrees, for example, in a presently preferred embodiment, assuming a 

35, vertical wail 88 dimension of approximately ,5 inches, a nominal vertical dimension of the bottom of the 
reader head 155 of approximately .48 inches relative to the surface of a test site 84 adjacent to the wall 88, 
and a t nominal angle of 30. degrees, between the. illumination and reflection bores of the reader, an offset of 
approximately t 1 0.5 degrees has been, found suitable to avoid occlusion of the beam. 

In order, to minimize output signal variatons with height, the optical reader 32 is preferably configured 

40 such thatifte detection aperature 212 is defocused , at the. intersection point 201 of the optical axis of the 
two light paths. For reasons explained below,, the preferred target plane of the optical reader 32 lies above 
the intersection point 201, with the illumination field of the optical beam off-centered toward the illumination 
. side of the optical reader 32. ... 

The collection efficiency of . the detector optics is increased by raising the target plane toward the 

45 optical reader 32 from the, intersection point .201. Given the vertical dimension and the angle value of th 
above exemplary arrangement, the best focus of the detector aperature 212 lies approximately 0.240 inches 
above the intersection point;2Q1 r ., However, a$. the. target. pjsne is raised toward, the optical reader 32, the 
illumination field of the optical beam ernrtteci .from the illumination bore 166 moves toward the illumination 
side of the reader 32,. moving the illuminated^ target away from tile airea.of maximum senaitivity of the 

so detector optics. At some point,, as the, target plane approaches the optical reader 32, the illumination field 
falls outside of the detectable, area and the detector output signal declines. The point of maximum signal is 
the area of minimum sensitivy . to target height. In the exemplary arrangem nt given above, the point of 
maximum signal occurs approximately 0.030 inches above the intersection point '201. 
... In using the optical reader 32, the threaded fastener 194 is preferably used to adjust the distance 

55 between the optical source 162 and the lens means ,172 to provide a beam of optical radiation at th 
intercept of th axes of the illumination and reflection bores 166 and 168 having a diameter of approxi- 
mately .03 inch s. 

The lens means 202 in the reflection bore 168 collects the optical radiation reflected in a substantially 
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perpendicular direction by the optically diffuse surface of .the test site 84 lying beneath the reflection bor * 
.168 and projects it onto th surface. of the optical filter means 208, preferably slightly defocused. in a 
parfcularjy 1 preferred embodiment the aperture element 2121s provided "with an insid diameter of 
approximately .095 inches so .that optica^ radiation from an area sbmewhat larger than the area of th test 
site impinged upon by. the optical beam i¥ transmitted to the optically-sensitive area of the optical detector 
means 1.64. ./ . ".' ' ' , , t ' r :f . *' ' V % 

Referring now to FIGL 13, a detailed description of , a preferred embodiment of a signal processing and 
control circuit for the optical, reader 32 is provided. Preferred components and component values of th 
circuit are as illustrated. . ^ ....*., 

.. It shquld be noted initially that the preferred circuit may be embodied on a converitionar printed circuit 
board using conventional printed circuit fabrication" techniques^ In a preferred embodiment, the printed 
circuit aboard is shaped to fit within th£ optfcal reader arm 35 and may be mounted by conventional 
'fastening means in a cavity 215 wh'ich^exfends into me reader h£ad : 155 above the refiertortieter 160 (FIG. 
.12).. In tl^is embodiment^ the top of, the optical reader arm 35 is preferably provided;^ a removable cover 
21\7 which is secured by screws j>r\ th'e? Nkb to : proyi<j& ^afeces's' to ' the printed^ circuit board and the 

. fefiectorneter.ljBO. , ^ .". "' ■.".[•■,.. .7.!/,. 7 "7.-7' ~77 . ■-. '7 - ..V 7 -7 777,77, 7~ '7,^7" • 

' The * presently preferred 6^^^ means for 

converting an analog output ^jgnal of'* W to the 

intensity or the optical r^diaWn r^ signal for 

further processing. The £refetTed ; d^ the drive 'signal of the LED 162 

to control the output intensity thereof. In one prefen;ed^enSbb ( di^ detail below, this 

feature is useful to compensate for van'atibj^ variations. 

More speciffcally/in the ^pfkfB^^ v '0^aA^^S the analog 1 sighai T)utput;by the optical detector means 

' l 84 : is com A-D ' nx^rt&r^eahs 220. A-D converter means 220 is 

'preferably of the w converters rri^ty be used if 

&sir^ ^e'A-p converter meSns"220 samples' be lri^antartSbus ; leVel of the optical detector analog output 
signaff|^nf ^ : the f ^N si^ririput at a rate detar^^ serial CLK IN. Preferably;; the CLK IN 

signal, whfch mja^ be ^provided by a crystal' oscillator bPo* generator means, has a 

nominal frequency of a^^rqxima^tely 2 MHz. ' v 7 7 77 ' , - 

The A-D converter means 220" generates output signals tin the FOUT signal output comprising a digital 
pulse train having frequency linearly related to ...the sampled level of the analog signal at tiie VIN input 

The FOUT signal output is connebted to the 7 trigger or clock signal input" TRIG of counter means 222, 
which is suitably a conventional T6-biVcpuri^ 22 is controlled by a microprocessor 315 

(FIG. 15), which is described in greater 'detail below, by means of a coun^ ENAB and 

a count reset signal COUNT RESET. The COUNT ENAB sijgnal is ; provided to the counter enable input 
ENAB and the COUNT RESET signal is provided to the r couriter reset input RSf of the counter means 222. 

In the preferred embodiment, the COUNT ENAB signal isusisd to define an integration period during 
which the- counter "means 222 counts the digital pulses generated by;the A-D converter means 220. The 

' CdUNT ENAB . signal may be generated with' a i predetermined' interval by conventional [ means such as a 
monostable multivibrator. However, for additional ftexibility. thd use of a programmable interval timer (PIT) 
344 (FIG. 15) is preVerred: Thus, in a" preferred ertibbdiment; thb PIT 344 is programmed to count down a 
selected interval by the microprocessor 315 which then sets the COUNT ENAB signal to enable the counter 
means 222. When the PfT 344 times but. the microprocessor 3YS responds by resetting the COUNT ENAB 
signal to inhibit further counting by the counter rheans : 222. By Selecting an integration interval greater than 
the sample period of the A-D converter means 220. the counter means 222 is operative to integrate the 
optical detector output 'signal over time "and thereby of spurious high frequency noise 

components: In a of apprbximately 25 milliseconds 

is 'preferred. /\ I ^ 

Each integration interval correspbncls 1 to' an ppticarVigading. Following the completion of an integration 
/ ihteryal, the microproc^sspr 315 reads the final c&ufiry^ outputs' D0-D1 5. The count value 

represents the intensity of the optical radiation refleded frbm the surface of a test site 84 or other optical 
target integrated over the selected time intWrvkl.; Prior to initiating each subsequent integration interval, the 
microprocessor 315 generates the COUNT RESET signal to reset the' counter outputs D0-D15. 

As mentioned previously, in a presently prefeWed embodiment a high intensity LED is used as the 
optical source means ' 162. In order to prevent variations 'in the temperature of the LED from causing 
variations in theLED's output intensity Which would adversely affect the accuracy of the optical readings, 
one preferred ' embodiment 6f : the circuit 225 includes temperature sensing means 226 and LED drive 
control means "224 Which is responsive thereto. The temperature sensing means 226 is suitably a thermistor 
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or similar device that generates a signal the value of which is related to ambienf temperature. Preferably the 
temperature sensing means 226 is mounted as closely as possible to the LED. Referring to FIG. 12 for 
* example, the temperature sensing means 226 may be mounted in a cavity 183 of the optical reader head 
155 immediately behind the LED i 62. Although not illustrated in FIG.-13 to avoid duplication; A-D converter 
s 1 means and counter means identical to A-D CQnverter means 220 and counter means 222 axe preferably 
provided to convert the analog* signal generated by the temperature sensing means 226 to a digital count 
value 1 which may be read by the microprocessor 315. The LED drive control means 224 preferably 
comprises voitage-controiled variable impedance means such as transistor means having a collector 
connected to the cathode of the LED 162 and an emitter connected to ground. The level of an LED drive 
io control signal LED CONTROL determines the base current of the transistor means which in turn determines 
" c the impedance value of thecbllector-bmitter path of the transistor means which is in series with the LED 
~ ¥62/AItematively, other controllable variable level impedance devices could be used. ' 

0 r * * ~y In this embodinrient, -prior to ' initiatinci ^ bacH " integration interval and taking an optical reading, the 
lf m r icro(irbc^ssoir 315 reads the digital value representing the temperature of the LED. A table of digital input 

75^ vaiUes for ''a £>^ *doh^ LED analog drive currents necessary to 

maintain the 1 bUtpirt 'intensity of the LED at a predetermined constant level at various temperatures is 
' predetermined empirically and stored in a memory such as RAM 334 (FIG. 15). The microprocessor 315 
uses the measured digital temperature value as an index into the table, retrieves the appropriate digital D-A 
input value, and apjaliei Mt : to the l>A Converter 34^ D-A converter 342 in turn generates a 
20 corresponding analog LED 'drive control signal LED CONTROL which is applied to the LED drive control 
; means 224. The LED drive; : cor^rdi means 224; responds to the LED CONTROL signal to control the driv 
current allowed to flow through the LED and thereby maintain the desired output intensity of the LED over a 
certain temperature range. ' " ° 1 

Iri a second and more preferred embodiment, the microprocessor 315 Uses a predetermined tempera- 
25 ture compensation factdrjp 'compensate optically-read reflection intensity values for- variations of the 
measured temperature frqnrra predetennined reference temperature, for example 35 degrees centigrade. In 
this moire preferred approach. 1 : the; microprocessor- 315 appltes a predetermined digital value which 
corresponds to a desired output into the LED 162 to D-A converter 342. Although the DAC provides 

flexibility to change the LED drive current if necessary or desired by simply varying the digital input value, it 
30 is not necessary to change the value with changes in temperature because the reflection intensity readings 
are compensated directly for the temperature changes. * 5 

' Before : describing in detail ' how the temperature compensation factor used in the more preferred 

1 embodiment is computed, attention js directed to FiG. 10 wherein optical reference means 70 is illustrated. 
Optical reference means 70 prbvides a white optical reference which is used as a common standard against 

35 which to normalize the reflection intensity readings taken fronvthe test sites 84 on the various reaction 
, cartridges 80. Preferably, the optical reference means 70 comprises a punched steel post having a fiat top. 
A 5 cerariilc mixture c having a preselected optical "whiteness" value is preferably applied to the top of the 
post dnd f is then baked oh. For example ai white ceramic top matching the National Bureau of Standards no. 
1 white reference swatch is presently preferred for use. However, it should be noted that the ceramic 
40 ^defines, an arbitrarily selected white reference value and that other white standards may therefore also be 
usecl. The post is preferably rriounted to the analyzer 10 in a location that intersects the arcuate path of the 
optical reader 32 so that the reflection bore 168 of therefiectometer 160 can be positioned directly over the 
ceramic top. The post itself is preferably mounted in such a way as to be vertically adjustable so that th 
* verticil distance 1 between the optical reader 32 and the surface of the ceramic can be adjusted to equal th 
45 ' vertical distance between the reader head 155 and the surface of the test sites 84 on the reaction cartridges 
80. For. example! the poist can I be threaded on its lower half and screwed into a corresponding threaded 
receiving i bore in the .«^y»r 10;^' 

A cover 72 js alio, pjeteriably Irhduhted to the analyzer 10 and is preferably positioned and shaped to 
overlay tfie optical, reference^ means 70. The cover 72 is adapted to prevent dust particles or other debris 
so from accumulating on the ceramic; surface of th<§ reference means and changing the optical reflectance of 
the ceramic surface. The, cover 72 is preferably' pivotally mounted and biased in a normally closed position. 
Corresponding tabs (not shown) may be provided on the cover 72 and boom arm 30 so that when the 
... optical reader 32 is rotated into position to read the optical reference means 70, pe tabs engage and pivot 
, the. cover 72 to eicpose the ceramic surface. Wh* n the boom arm 30 rotates away from the reference 
55 meians 70, the coyer 72 preferably returns to its' normaily-ciosed position. 

^.Describing now in detail the preferred process of computing the temperature compensation factor, ft Is 
initially noted that it has been empirically determined that the output intensity of the LED 162 In th 
pres ntiy preferred embodiment van s substantially linearly with variations in temperature over an expected 
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maximum temperature range of approximately 30°-40°. C- Accordingly, a linear equation which relates the 
LED output Intensity to temperature can be derived. . , . ■ , ; 

A preferred process of deriving, the equation involves! first' positioning the optical reader 32 over the 
reference means 7d, taking a dark reflection intensity reading with the LED off, and storing the reading. 
5. . Nextjhe temperature in the processing chamber 11. js, cycled /through the expected range of temperature 
values and 'a plurality of reflection intensity readings • are taken of the. reference .means 70 oyer the entire 
» temperature range. Each time-a, reading is taken the. temperature is measured. Each reflection intensity 
- , . . t reading is netted by subtracting the stored dark, reflection intensity reading in order tq remove components 
due to the presence of ambient radiation. Th^ corresponding! measured temperature and net reflection 
.70 * intensity data pairs are then stored.. This procedure, is^preferably repeated at least two, more times to 
. : v ; - generate a representative body of data^ r t y i^:^r r ». ...m ■■' 

Next the corresponding -data pairs jge^e^ated. during each, temperature cycle are processed using 
conventional linear regression techniques .-to obtain tihe-^lop^s andJntercejpts of the. best fit jinear equations 
wtiich define a predicted relationship ig^een^the reflection jntensity pf th? known white .reference means 
! ; rs, 70. and .measured temperatyreu^pr^e^^ equstiori is .then splyert Jo obtain a net 

. : . . reflection intensity value at 35 degrees, peiitigrad^ yalue. f of $£dn equ^tipr? i^nqnrnalized to 35 

■ degrees by dividing the- slope y^life . by e tiie r predic4^d nejt intensity, n yafuerat j35 degree^ The normalized 
slope -values are then averaged: ^nd .to^.aypVagej.slope ^alu§, wKjch ;; fe ( ;e f ^ counts per 

degree Js stored the temper^^ v ^ 

20. - In a third and even, more first embodiment is replaced 

by a seconcl optical detector (npt-show/ij.;:ln this, emtoim^nt, Jthe ^STOond optical detector is mounted 
, directly behind the v LED 1€2 andgenerat^ magnitude directly , related to the 

I . . .intensity ot-the o^^x^^ti^^i. scattered' from. %e LED eig^Eac^ tipie an optical reading is taken, the 
signal from the first and Vecond optical detectors^ are simuitanebus]y: conwrted apd integrated ov r the 
. t( . , as^sameinteg^^ the ratio of the 

\. V , j measured ^ reflection intensity., to as the reflection 

S . intensity^ reading. .Sjnpe both readings are ^e^ the ratio 

\^^^yr^mai^ls , " constant .and provides a teijiperajuf^om Yefjepjtion intensity, value. No .temperature 

measuretrients norf additional ,Ccp^ in this 

30 embodiment - - , . - t ;.. , . K -. r -, .... , -,- 5 : , .,. VJ , f . ■■ - - . w 

The optical reference means 70 aJsp prpiyides .a^gray t scaie ; reflectance reference value, i.e. optical 
density value, which is advantageously used^tp caiity^te^ reflectance values 

which are derived from reflectipn intensity ce^ the various reaction 

cartridges 80 taken by the .optical jeader 3£ is assigned to the 

35 optical reference means 70 by first Reading. the, ^reflection intensity* value of the optical reference means in 
the manner described in detail aboveJ t Next 

having known, gray scale reflectance ^'va(u^'js'',n9ajj, FpV ^example, a conventional optical filter test card 
having a plurality of optical filters, each witb Y,di%^ gray scale reflectance vjalue may be read. A 

suitable test card having^ eight optical, filters eaqh ; with a different known gray scale r^fleptance value is 
. 40 available commercially from Munsell. . . . . . At r 

. . Each of the reflection intensity yailues : rfijad from ^e . optical reference means 70 and the optical 
.standards is netted by subtracting |^e previously stored dark reflection intensity of the optical reference 
means 7GV Then each of the net .refleqtida .intensity, values is compensated br normalized to 35° C. If 
necessary. in r the manner previously described. • .- * - 

45 the temperature-compensated nef reflection.: intensity values arid the known gray scale reflectance 
1 . . values, for the .optical standards " are" then processed fusing ^ conventionai linear regression techniques to 
define the predicted relationship between the gray, scale refleMrtahce value oi an optical surface and the 
corresponding reflection intensity value of the surface measured 'by t the optical reader! The temperature- 
qpr-npensated, net reflection intensity, value of the optical reference means' 70 is used to solve the linear 
.so. regression, for. .the, predicted gray scale /eflectOTce^ue pf ^bptical^referencei means 'TO.. This value is 
assigned as the gray scale reflectance reference' Vajue arrcMs stored for use' in normalizing subsequently 
taken reflection intensity readings of the ., . *' 

In the presently preferred embcKiimenL.jtKe reflation intensity value read by the optical reader 32 from 
each test site 84 is converted into a .,cqn^esppndihg optical density value. As mentipned previously, the 
,55 optical density value of a test site ' 8<'hnay ^e d to the magnitude of the binding reaction 

between a capture reagent disposed "tfteniqn. and' a corresponding assay binding component of interest in 
the tested sample which is specific . to/fhe capture reagent This in turn indicates the degree of allergic 
sensitivity of the patient to the particular binding component where for example the capture reagent is a 
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preselected altergen arid the binding component is ahuman igE class antibody, specific therefor. 

The optical density value determined for each test site 84 may be recorded directly as the r suit of the 
■ assay associated with the site! How ver, it has been found that diff rent IgE class antibodies, ven though 
having the same concentrations, produce different levels of allergic sensitivity in patients brought into 
5 contact with allergens for which the antibodies are specific. Thus; in a preferred embodim nt. the optical 
density values are converted to a five level class score ranging from 0. which represents no allergic 
sensitivity, to 4. which represents very high allergic- sensitivity. The five level scoring system allows test 
results to be recorded in a uniform format Each class score preferably corresponds to a predetermined 
range of optical density values which may however be different for different assays.- In order to provide 
TO uniformity and to ensure accuracy, the class scores and' corresponding ranges of optical density values for 
: each- assay are preferably statistically correlated to the results of the. same allergy tests using known 
^techniques such as skin prick "and/or 'RAST'tesfirigl. -• ; ' ■' ■ ' ; . . • 

TS GALiSRATIQN DATA SYSTEM ; 

in addition to Xt\& means described above for providing temperature compensation, optical calibration, 
and conversion of the : reflection -intensity values, in a preferred: embodiment means are included to provide 
20 assay calibration data for use in calibrating or normalizing , the assay results from various test sites on 
various reaction cartridges with -respect to common predetermined standard values. 

The desirability of providing assay calibration data arises from the fact that the allergens or other assay 
binding components which are bound to individual test sites during the manufacture of the reaction 
cartridges are necessarily produced in tots 'of limited volume. Since each lot cannot -be prepared with 
25 exactly the same concentration- of a particular binding component as any other lot of the, same binding 
component different test sites bound with the same preselected binding component from different lots can 
produce different assay results for the same sample. ' 

Lot-specific assay calibration data provided for each different lot provides a means for normalizing the 
assay results associated with individual test sites on a plurality of reaction cartridges with respect to one or 
so more predetermined common standard values. As a result lot to. lot variations do not appear in assay 
results because all assay results from all test sites are normalized to one or more common standards. 

Referring to FIG; 14. in a presently preferred embodiment predetermined assay calibration data 300 is 
1 provided, preferably in a machine readable format, for-'each lot of assay binding components or capture 
reagents; The assay calibration data 300 may be provided in any suitable format and on any suitable data 
35 source media, including for example a magnetic or punched paper tape format and media. An optical bar 
code format is presently preferred and in particular an optical bar code in a format known in the art as 
" ASCII 3 of 9. Also in the presently preferred embodiment the assay calibration data 300 is provided on a 
paper sheet. " ' ~ '■ '■ ' •' _ ... . . u 

The assay calibration data 300 may include both machine readable and human readable information 
304 intermixed if desired. The human readable informs, tion can be quite useful, for example to assist a 
technician or other operator in determining which lot and panel of assays the calibration data 300 
corresponds to prior to entering the data into the analyzer 10. A corresponding lot number in human 
readable form' is also preferably provided on each reaction cartridge 80 (see FIG. 5) to assist the operator in 
selecting the appropriate calibration data 300 for each lot before initiating a test cycle. . 

Alternatively, the assay calibration data 300 may be provided in a human readable format if manual data 
entry means such as a keypad are available. This is a less preferred alternative because, as will become 
apparent below, a large amount of calibration "data must' then be entered manually which increases the 
hands-on time and expense associated with the tests as well as the risk of error. 

The machine readable portion of the calibration data preferably includes at least the calibration data 300 
and the lot code which the calibration data"3fJ0 corresponds to. If different panels of assays are available on 
reaction cartridges 80 manufactured using capture reagents from the same lots, a panel identification code 
- is preferably aiso included as part of the lot code: 1 

"it is a significant feature that the calibration data 300 is determined at the time the reaction cartridges 
• are manufactured so that it is unnecessary fora technician or other operator to manually run standards or 
55 calibrators prior to initiating a test cycl . The calibration data is preferably generated using a sample from 
each lot of a capture reagent to assay one or more standard specimens each having a known concentration 
value of a second assay binding component that Is specific for th capture reagent 

As presently preferred, each capture reagent sample is used to assay a number of standard solutions 
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each having a different known concentration value of a sample assay binding component which is specific 
for the captur r agent. Th assay results and th known concentrations of the assayed solutions are 
processed using conventional, least-squares regression techniques to obtain the slope and. intercept values 
for a -four: point linear calibration purye for each lot of the capture r agent. It will b apparent to p rsons 
s skilled in the: art that more or fewer standard solutions could be .assayed depending upon the degree of 
accuracy required or th natore of the calibration curve.. J ^ : : 

^ As mentioned above, it should alsor-now be apparent why^manual entry of the calibration data is not 
preferred. As an example, given a panel of 50 test sites each bound with a different capture reagent, and 
five standard solutions, 250 individual; items, of calibration data- would have to be manually entered. The 
to number of data items to be entered for a given test ,Qyc!e would, be further multiplied by, the number of 
reaction cartridges- manufactured using capture reagents; from different lots. v , : v 
v ,*. ' Preferably, conventional optical code reader \means; 306 and- optical code processing; means 308 are 
provided to enter the- calibration data 300 for eacfo Jot from each street 302. More specifically, an optical 
code processing circuit commercially sold, by JHevylett-Packard. Co. as .model no-.-, HBCR-1800 and any 
75 commercially available bar code wand that is compatible therewith may be used. The optical code 
processing means 308 is preferably interfaced to the microprocessor 315 by any suitable means, for 
example a conventional peripheral interface adaptor. tPJA)3 

The microprocessor 31 5 Tn'turn Interfaces IrTaTcnown manner with a data storage means 310 which is 
suitably a conventional RAM memory such as RAM 334 (FIG. 15). In a presently preferred embodiment, the 
20 microprocessor 315 storesr the .calibration:, data :300i:for£eachr-(pt£?nuan available area 314 of data storage 
means 310 reserved for such data ^ndistoiresi the. starting ;stcwa^. location together with the lot code and 
panel code, if any, of the calibration; data in a separate Ippkup table Z\Z either in data .storage means 310 or 
in other storage means-if \desiredr As-showji in ;FK3^ t4oJEp^ example, ^ three sets of calibration data, each 
corresponding ;to: a different -lot of- capture reagents, iare.^hown -stored in d£ta storage means 310 together 
25 ■ : with the-cbrresponding lot: code and- starting, storage location (irj)hex^depimai) for each set, 
: 9 ,:As mentioned previotisly,- code - means 94 are preferaJ?ly>provided on each reaction cartridge 80 
delivered 4 to the technician*** other operator for. carrying iOut a-panel pf assays.- .In a preferred'embodiment, 
" each code means includes, among other items of inforrnatk)n,/a:^de;318 identifying the lot from which the 
capture reagents bound to the test sites 84; of the cartridge/ originated.; ;!p addition, if multiple cartridges 
30 containing different preselected , panels- of assays and-TOanufactured .using capture reagents from the same 
lot are available,rthe : code 31 8 also-preferably includes a panel identifying code. 

: For purposes of this feature of the invention, the code rrieans.94 may take any suitable format and may 
be presented on any suitable data source, media However, rt .^preferred that the code means 94 be 
machine readable and in particular -it is preferred .tfiat the code means. 94 ^be in an optical bar code format 
35 In addition, although the code means is preferably applied te : the reaction cartridges 80 in the presently 
preferred embodiment, it is understood .that .the ppde^mear^s. could be applied to other means used for 
carrying out assays in different arrangements; Without limitation, other means could include various fluid 
- containers, reaction containers or cartridges, solid-phase test-substrates, or- the like.: , ^ 

In operation, prior to initiating a test.cycle, the operator preferably inspects the reaction , cartridges to be 
40 used and notes the lot numbers. The operator then obtains the calibration data sheets 302 having the 
corresponding lot numbers and uses - the optical code ^reader means ,306 to enter the calibration data from 
the sheets into the analyzer 10 where : it is- stored, as describe^ above. ,,. 

During operation of the subsequent te^rcycle, : the.analy2er 1Q preferably uses a second optical code 
■i reader 316 to read -the, code ,rneanS;94 on-each reaction ^cartridge 80 automatically. Suitable optical code 
45 r readers are; available .corfimercially from numprpuSifSpurces., Alternative optical reader means 32 could 
be used to read the. code means 94 if de6ired s Le^p^ code means 94 can be read manually 

. from each cartridge 80 using the optical code x§ader ; means 306 or other manually-manipulated code reader 
-. means or entered manually using the keypad. ; i^-;^*,* i ^ rK-,ov 

The microprocessor 315 stores the lot and ; panel xpde.vlf present, entered from each cartridge 80 
so together with the location of the cartridge; 8Q pn : tte ,carpusel 18 in a.memory 334. At the end of the test 
cycle when the optical reader 32 reads the .assgy,; results from the Jtest sites. 84 on each cartridge 80, the 
/ ^ microprocessor 315 retrieves the lot code :r fon each cartridge 8Q . and compares it with, the lot codes 
previously stored.inthe table 312. When a match is. found, #ie microprocessor 315 uses the corresponding 
starting storage location in the table 312 to retrieve the actual calibration data 300 from the storage area 
55- 314. The microprocessor 315 then uses th$_ calibration data 300 to normalise the assay result for each test 
: site 84, which is determined in the manner, previously described, using a regression analysis. technique in a 
v manner well known to those skilled in, the art. Of course, ■ other known normalization techniques may be 
: used instead if desired. . 
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v; SYSTEM CONTROL ARCHITECTURE "■■ 



' < Preferably, central control means are p 
s of the analyzer -10 in a predetermined manner r to "perform various preselected panels of assays simulta- 
neously "on ! a plurality of biological samples. The heart of the central control means is preferably a 
programmable microprocessor 5 315 which has peripheral control, computational, and data processing 
capabilities. An Intel 80136 microprocessor has been found to possess th9 desired capabilities and is 
-presently preferred for use as the centra! control means. 1 
: s *. i-- 70 ; The microprocessor : 315* communicates with and controls the various mechanical and electrical 
elements of the analyzer 10- by way of Its system bus 320. The systerii bus 320 suitably comprises a 
. i * : : > conventional computer bus having a sufficient number of data. I/O control, and address lines to accom- 
;t -nYcdate-the preferred- microprocessor 315 2nd interfaces for the various mechanical and electrical periph- 
erals comprising the analyzer 10. The selection, interfacing, and operation of the 1 system bus is well within 
ts -the-skilKof persons of ordinary skill in the art and further detailed description is unnecessary for a complete 
^riderstaridihg of the' invention. » ' J > % v 

Program storage means," preferably in the- form of PROM 335, is provided to store a control program 
which contains the instructions necessary for the microprocessor 315 to control the various electrical and 
mechanical elements of analyzer 10 to automatically carry out assays. The writing of such a program is well 
20 within the skill of persons , sjciljedHn the art giv6n;the sequence of steps necessary for the microprocessor 
315 to carry out an exemplary panel of assays as set forth in detail below. PROM 335 may be any 
commercially available EPROM's compatible with the system bus 320 and the preferred microprocessor 
31 5 such as Intel 2751 2 and/or 2701 O EPROM's for example. 1 - 

Additional data storage is preferably provided for system parairhieters such as test site 84 locations 
25 relative to the zero position reference coordinates, assay calibration'data; temperature compensation factor, 
and the like in the 1 form ' of -RAM 334,* Suitable RAM is provided by Dallas Semiconductor DS1235 RAM's, 
forexampla. ■ . ^r>%.:;.' > i .. \, v =\. . ; < -.-v.- 

Preferably also interfaced to the system bus 320 are keyboard, printer, and display interfaces 322, 324, 
and 326 which interface a keypad 324 printer 330, and display 332 respectively to the microprocessor 315. 
3Q The printer 330 is preferably a compact thermal printer which may be used to print out assay results 
following completion of a test cycle by the analyzer 10. The printer 330 is suitably any commercially 
available printer which is compatible with the microprocessor 315 and system bus 320. The printer interface 
324 is preferably a conventional Centronics parallel printer interface connected directly to a DMA channel of 
the preferred Intel 80186' microprocessor; Character data to be printed is downloaded directly from the 
35 J microprocessor memory to the printer interface which in turn generates the appropriate control signals to 
control the printer mechanism'. 

The keypad 328, which has been described in general terms previously, is suitably a conventional 
~ matrix-switch type of keyboard. A conventional : matrix keypad decoder such as a 74C923 decoder IC 
preferably decodes the location of each depressed' key and generates an interrupt to the microprocessor 
40 315 to communicate the identity of the depressed key for processing according to the instructions of the 
microprocessor control program. ' 

The display 332 is -suitably a small LCD type of display which may be used to provide prompts to the 
r operator during a test cycle. The display may be interfaced to the microprocessor 315 in conventional 
fashion uaing a display driver, such as- a commercially available Hitachi HD44100 driver IC; and a display 
'" 1 35 controller, such as a commercially available Hitachi HD44780 controller IC. Character data to be displayed 
is transmitted by the microprocessor 31 5 to the display controller which in turn controls the display driver to 
' generate the appropriate display signals to 

In a particularly -prefeiTed emto storage, additional storage, microprocessor, 

arid keypad, printer, and display interface' means are-prbvlded on a single CPU board which is commer- 
■ L - so daily available from Intel Corp. of Santa Clara, California. 

The stepper motor 5 drives for the carousel 18 and boom arm 30 are each interfaced to the microproces- 
sor 315 by way of an interface 338. Each interface 338 preferably comprises a programmable interface 
timer (PIT) such as an 8254 type PIT and a programmable logic controller (PLC) such as a GAL16V8 type 
PLC. In order to cause a stepper motor to move 1 a number of steps, the microprocessor 315 preferably 
55 programs the PIT to count down a selected number of counts at a s lected frequency. The PLC is 
responsive to the PIT counts to output the programmed number of step pulses to the stepper motor at the 
programmed frequency. 

The wash and waste pumps are interfaced to the microprocessor 315 through a wash/waste pump 
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control interface 352 which preferably comprises a pair ofxonventional motor control relays. The micropro- 
cessor 315 outputs motor on*and off signals to open and'dose the relays directly and thereby apply power 
to and remove power from the pump motors. 

The temperature sensors and heaters mentioned previously for controlling the temperature in the 
5 : -processing chamber 11 are- interfaced to, the microprocessor 315 through temperature sensor and heater 
, - on/off control interfaces 346 and 348. The temperature- sensor, interfaces 346 preferably 'comprise A-D 
, converters, most preferably of , the voltage to frequency type., and counters arranged and operated in the 
* - -same manner; as described above with respect to the preferred optical reader signal processing and control 
circuit 225.- In order to read a sensor, : ther. microprocessor 315 programs a PIT 344 to provide an integration 
70 period for the counter and enables the counter. When, the PIT- signals that the programmed integration 
\ . interval is over, the microprocessor 315 disables the., counter, ^reads the final count -value which represents 
the measured temperature and resets the counter for the fiexti;ead.r ^ ■ ' 

\ The, heater on/off control interface, preferably,; jrompris^s a heater on/off ; control ; rejay.-fower to the 
heater is controlled directly by the mJcroproce$sor $15 transmitting logic signals to tho.jnterface to open 
75 . and close the relay. .« * r • - /^>r-/i; .^^^\.>? ml' "> - •:" ."M'-V;.;/.: 

The, optical reader signal proqessiog;*arj^cqnfrpt^^ boom arm 

and carousel optical switches 350. and the optical code reader means 306, and interface 308 have all been 
described in .detail previously in conjunction : wr^^the micrpprpc^se^3l5* ; 1 
-. ■,*.*; • < v — - - ' yr ' - f; ' ' c - ;: """*•' 

. ; rj .^ ^MP!^RY-iMQPE -Cgr ;pPJB^UON , 

^. : . s^v* si? ; W-.v r::;^--- ^;v]0 ; * r r. ~ 

A detailed step by step description will -now bp given^ota preferred mode of operation of the presently 
25 ; preferred ^iologip^l ;S.aiTi^ °* epzy. m e immuno assays 

-^r^EIA^pn eachjcif ^ ^ 
■ - c " When.power; is firsjt applied ao .th^ : aipalyzqr/IQj, the microprocessor: control program, preferably causes 
the microprocessor 315 to go through a series of steps preparatory to performing a. test cycle. Initially, the 
microprocessor 315 programs the drive interfaces 338 pMhe boom -arm 30. the probe,,arm 33 and carousel 
30 18 stepper motors 50, ; 56 and 66 Xq position the, boom arm 30. probe, arm i 33 and carouseM8 in their 
respective home positions. The microprocessor; 31 5 then awaits acknowledgement, in . the form of signals 
from the optical switches . 350 associated with the boom arm. 30 t; probe arm 33 and carousel 18, that they 
have reached their respective home positions^ ; i ( . . f ;: n.. i ; : r r . " 

After the boom arm 30 and carousel are homedy the mLcroprocessor r 31 5 programs the boom arm and 
35 carousel drive interfaces, 338 to cause tbe.^epper motors 50 and 56 to rotate the boom arm 30 and 
* carousel 18 into positions where the optical.ireader 32 Js adjacent to the optical positioning means 140. The 
microprocessor 315 next sends an LED CONTROL signal to the t optical reader prQcessing and control 
. circuit 225 to turn on the . LED 162. The microprocessor 315 then sequentially programs the drive interfaces 
.338 for the boom arm 30 and carousel ;1 8, to: cause the opticakTeader 32 to first scan .the parallelepiped 
4o structure ; of the optical positioning means 140 radially while the-carousel 18 remains statipnary, and th n for 
the carousel 18jo rotate the parallelepiped stvcture-past tfie stationary optical reader 32 circumfer ntialiy. 
During the scanning process, the microprocessor 315 initiates a plurality of equally spaced optical readings 
in the manner, previously: described v and stores : $ach reflection intensity reading in, RAM 334. From th 
... stored readings, the, microprpcessor 315 c^culates.-tiie, coordinates of the Renter of the paralellepiped 
45. structure as th.e.number pf counts from home. for the carousel and bpom-arm : stepper motors 5D and S6 as 
described previously and stores the.. coordinate^ »:#e v ^ei^position reference. The : microprocessor 315 
then waits for the initiation, of a testicle. y^j , ~ .a; . 

All subsequent positioning of the c^ousel f 18 c md ? bc^rn amnJO to. access jany particular location on the 
carousel 1 8 or a cartridge 80 is preferably* accqmplislied- .fiy-tta^m^ 31 5 by programming the 

so drive interfaces 338 with a number, of p^edetej^ined, carousel and boom arm stepper motor steps which 
correspond to the location of interest, Thes^. steps <are preferably predetermined and stored in a location 
table in RAM 334. The location table (not shown) preferably includes predetermined stepper motor count 
values for positioning the carousel and boom arm at. predetermined positions, to provide, optical access to 
the code means 94, probe 28 access to. the ports 92 of the reaction wells 86 in a fluid access position, and 
. 55 . optical access to each of the test sites 84 in a reaction w II 86 of. a cartridge 80 in a reading position. 
Preferably, the step values stored in the location table are taken relative, to the coordinates of the stored 
. zero position reference. Thus, the actual number of steps for the boom arm or carousel to reach a particular 
location from the home position is the sum of the zero position reference coordinates arid the ; step values in 
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the location table. *" ' * ' ' . '\' ' 

Prior to initiating a test cycle, the operator obtains the appropriate reaction cartridges 80 for the tests to 
be performed and notes the' lot numbers. The operator then obtains the assay calibration data sheet 302 for 
ach lot number and enters the calibration data 300 for each lot using the optical code reader means 306. 
5 The microprocessor 31 5 responds to the optical code reader means 306 in accordance with the control 
program to store the calibration data 300 and the lot number and starting storage location data pair in RAM 
334 as described above. ; . 

The operator ' preferably initiates a test procedure by pressing the RUN key on the keypad 34. In 
accordance with the control program, the microprocessor 315 responds to the RUN key at this point by 
[ w "programming the drive interfaces 338 to home the boom arm 30 and carousel 18. The microprocessor 315 
^then transmits a character string to th$ display interface 326 to prompt the operator on the display 36 to 
/ plaice a reaction cartridgein the carousel [ opening at the 'front: of the analyzer 10 and enter the patient ID. 
; J 1 ..VL" fc 'J^^^"®xenriplary enzyme immurip assay being described, the operator preferably introduces approx- 
imately 0.5 ml oirpatient seaim and 0.5 rnl of a spScim'eh dilution buffer, such as 10% heat inactivated horse 
;s serum in 10mM (TB5) pHJA iiito the reaction well 86 of a cartridge 80 through the port 92. The operator 
thert $refer^ a patient Idehtific^on code on/ the cartridge 80. loads the 

cartridge 80 into this ppehing,ih the carousel 18 arid 'enters ihe patient identification code on the keypad 34. 
The microprocessor^ the entry of the 1 piatieht identification code on the keypad 34 in 

accordance? with the control pr^Yam ,by Soring the location of the cartridge on the carousel 18 with the 
26 patient identification code in F^M 334. ^ w / .1 " , 

The microprocessor 3^5. then " waite keypad 34. The operator preferably 

depresses either the 1NIDEX : ke^r bif' the RUN key. If the. operator depresses the INDEX key, the 
microprocessor 315 responds , by programming the carousel drive interface 338 to cause the carousel 
stepper motor 56 to rotate the carousel 18 one cartridge position arid present the next carousel opening at 
25 the front of the analyzer 10/Thjs prdcess is repeated until all cartridges containing samples to be tested 
have been loaded on the carousel. Wfren, the operator depresses the RUN key, the microprocessor 315 
responds in accordance with the control program to initiate execution of the appropriate test procedures for 
...... the samples. . * \ _ . V I '" ' " " .v- ' 

The microprocessor 315 first programs the carousel and boom arm drive interfaces 338 with the step 
30 coordinates to sequentially position the optical reader 32 adjacent to the code means 94 on each cartridge 
BO and then to scan each code means 94. During reach scans the microprocessor 315 operates the optical 
reader 32 to take a plurality of reflection intensity readings of the code means 94 and stores the readings. 
" Following each scan, the microprocessor 315 processes the stored readings and derives the code means 
/ 94 . from the contrast! between reflection intensity readings taken from light and dark areas of the code. 
35, Alternatively, as mentioned previously, the, microprocessor 315 may control other conventional optical code 
reader means to read the code means 94 if desired. 

. . The microprocessor 315 then processes the code means 94 and derives an assay type code therefrom. 
The microprocessor's is preferably responsive to the "assay type code in accordance with the control 
program to . subsequently carry out'the steps necessary to perform the identified assay within the 
.40 parameters of a predetermined protocol for the assay. For purposes of the present description, it is 
assumed that an enzyme jmmuno assay is to be performed using a sandwich assay format 

The microprocessor also derives the lot code from the code means 94 and stores it in RAM 334 until 
needed! together with the corresponding patient identification code and carousel position data 

After the. code, means 94 on each reaction cartridge '80 has been read, the microprocessor 315 in 
-is accordance with the assay type code and' the control program initiates a timed incubation cycle. In the 
exemplary EIA being described, t the!micrbprbces$or 315 programs one or more of the PlTs 344 to time a 
, , sample incubation cycle v 6t, 16 hqurs.VPurihg .the" ihcubatibh.cycle. the microprocessor 315 programs the 
carousel drive interface, 338 to continuously rotate the carousel to, provide gentle agitatioh i and promote 
binding of the IgE class antibodies in each sample which, are specific for the capture allergens bound to the 
so test sites 84 of each reaction cartridge JBO, ^ .L 

■ . When the incubation cycle times but,' toe microprocessor 315 preferably initiates a wash procedure in 
accordance with the assay type code and the control program. The microprocessor 315 programs the boom 
, arm and carouse! drive interfaces 338 to position the boom arm in a predetermined fluid, access position 
and to sequentially position each cartridge on the carousel under the probe 28 at the fluid access position. 
55 As each cartridge is brought under th probe, the microprocessor 315 programs the drive interface 338 for 
the linear stepper motor 65 to pivot the probe 28. downwardly through the port 92 and into the reaction well 
86. The microprocessor 315 then transmits signals to the wash/waste pump control interface 352 to 
sequentially cause the waste pump 27 to aspirate the serum sample from the reaction well 86, th wash 
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pump 25 to introduce a volume of wash fluid into the reaction well 86, the carousel 18 to rotate for a 
predetermined time, and the waste pump 27 to aspirate the spent wash fluid from the. well 86. The 
microprocessor preferably, repeats the steps of introducing, rotating,and aspirating wash fluid about three 
times. The microprocessor then programs the /drive interlace. 338 to cause the linear .stepper motor 66 to 
s pivot. the probe 28 upwardly out of the reaction well. When. the reaction wells 86 of all cartridges 80 have 
been .washed, the microprocessor programs the drive interface 338 to home 

The microprocessor 315 next transmits a prompt , string to the display interface 32Q to prompt the 
operator to introduce conjugate reagent to the reaction cartridges 80. In the exemplary E1A being described, 
the analytes or sample binding components ot interest in the. samples, are human IgE class antibodies and 
io. \ the conjugate is preferably goat immunoglobulin wljich js specific for. the epsilon chain.of human IgE class 
.. antibody, conjugated , to an enzyme such ^as jUkaling phosphatase or horse radish . peroxide . (HRPO) 
conjugate., However^ as. is known in,thet "^..ihe spe^ may be varied as 

long as a detectable, label (enzymatic ^ is linked to a species (antibody or oth r 

identifiable finding agent, for example), papabf^^ 
* .1 s. reagent /complex^ It js coiDceiy^le ^iQ/Mti/i^.p6ioj[d^j conjugates s^ as the 

... : detectable iabel v _ \ t V ^' ^ ] \ %V „r-! v rn^<- 

. The operator introduces, the ,cpnjygit©^ 
carousel, preferably t^pugh ^ key. 
Jhe miabprocesspr *aTl Srplpoifids £y '^gr^niing^e drivs* in]^.rf^lSi3S fojndex ttfe/raroiisel 18 by one 
20 position. This p.ro(^duj£ 'repeats untitle operator ha©' intf ody ce^' wnjugiafe Jo^each reaction cartridge 80. 

When the conjugate introduction procedure is ' cbrrtpleted^the' microprocessor 315, in accordance with 
*L the sssay .type.cocje, and the control. program, jnjtiates another timed Jncybatipn. cycle, in the same manner 

* " \ ^ as described '^.oy^.^n cas6\a( ¥ ^'e0n^^ E^^b&ngj^iescribed, the conjugate incubation period is 
' ,\ _ ."pr^fer^bly^^ period, the microprocessor 315 

! 7 I I .W alsd.caus^ 18 to provide gentle agitation 

I'V — V ,Jbid prom^ rea^eiit-te?t card complex. \^ 

V . ! '.When the|conjug^e^ brinies put, We i^icrbprocessor; initiates a second wash procedure 

. 'in, substanWy the, s Following the wash procedure, the 

microprocessor causes the operator to be prompted" to introduce a substrate reagent In the case of the 
30 exemplary EIA being described, for an HRPO enzyme label, a preferred substrate is 4-chloro-1-naphthol in 
... isopropanal and hydrogen peroxide/ Fbr 

chioro-3 indolyl phpsphate/Nitro blue tetriofium (BCJP/NTT) in aminomethyi-propanal. In both cases, the 
substrate is selected to be acted upon by the ^enzymatic label of the conjugate to develop a color on the 
surface of each test site 84 haying bound the; "s^cific'a^lyte of interest The colored test site has an 
as optical, density related to the magnitude of the binding reaction between the allergen bound tp the test site 
arid the sample anaJyte specific for Hie aitergen. The optical density can be determined from the reflection 
intensity of the test site read by the optidal reader 32: to obtain the" degree of allergic sensitivity of th 
patient to the capture allergen. ^ ' 4 ..." . . ' 

the microprocessor preferably operates f in i^accprd^ce with the' controi program" to index the carousel 
.40 18 and. prompt for introduction of the subsfratejnto each reaction cartridge 80 in the same manner as 
described above "with respect to the conjugated following the substrate introduction procedure, in th 
: exemplary EIA, the microprocessor initiate^ a timed substrate incubation cycle during which the substrate is 
allowed to remain in contact with the " 'test y\ies~'$4 . of ' each' reactioh cartridge for approximately thirty 
minutes. During this^peri^ gentle 
45. agitation in the same i manner as described above.. J T ^ * . ' . . 
r *" 'L Following this .'substrate incubation period and wash, tfie micropr^e^r/opera*ng''in accordance with 

V .. \ the control program, initiates a drying prqcedur^ microprocessor causes the carousel 18 to be 

' rotated to its home position. The microprocte^ the display to prompt the operator to remov 

" the coyer gb from the reaction cartridge 80 irV^ftbnt pcrsitioh of the carousel. The operator preferably 
so opens ,: tHo door 12 of the arialyzeir 10 and rerri%es ekcH cover 90 as prompted bV peeling it off the top of 
the reaction well wall 88. The cover 90 rrtay' then be discarded. The mlcroprbcessor waits for the operator to 
depress the INDEX , key. When the operator depresses the INDEX key, the microprocessor causes the 
*"'*"''. carousel to be rotated' by one opening so that the next cartridge 80 is presented at the front position. The 
microprocessor causes th display to'agairir prompt the operator tci remove the cover 92 of the cartridge in 
55 the front position. This procedure repeats" until th6 operator removes the coversfrom all of the cartridges 80 
. on the carousel 18. , "~ V 

When the cover is removed from the' last cartridge and the operator depresses the RUN key. the 
microprocessor causes the display to prompt the operator to close the processing chamber door 12 and 
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depress the RUN key again.* When the Operator depresses the RUN key, the microprocessor responds in 
accordance with the control program to 'program a timed drying interval of preferably approximately fifteen 
(15) minutes and to cause the carouser stepper motor 56 to rotate the carousel continuously during the 
timed interval to promote drying of the test cards 82 in each "of the cartridges 80. Also-at this time, the dark 
5 reflection intensity is first determined with the LED off; then the' LED is energized and 5 warms up during the 
drying cycle. :,t *' ■ .■ *i" " 

• When the drying - interval times out; the microprocessor, in accordance 1 with 'the control program, 
automatically initiates a reading procedure, beginnihg with a reading of the optical reference means 70. Th 
microprocessor sequentially programs the carousel and boom arm driver interfaces; 338 to sequentially 
70 position each reaction cartridge 80 on the carousel 18 in a predetermined reading position which intersects 
' the arcuate path of motion of the optical reader 32, Once a reaction cartridge 80 is in the reading position, 
the microprocessor sequentially retrieves the step coordinates for" each test site 84 from the location table 
- ; ^nd : causes thetcarousdl and bobWarfn Pepper rriotbrs td sequentially position the carousel and boom arm 
" C ; t6 rdad^eacft test isite 84 in the manner d^sclib^d^ previously in detail; The microprocessor nets the 
is reflection intensity' re^dirig-fbr- eaiehtest site/ temperature compensates^ if necessary, and stores it in RAM 
334 with the carousel position* and patient idehtificatibn cbde of the tortridge 80; : : 

When -each test Site 84^^011 reaction cartridge 80 has' bden readi the microprocessor retrieves the 
readings for* each'* cartridge 1 80- franf RAM; converts them- to an 1 optical- density, calibrates them using the 
stored assay cafibrat^ score all fn the manner described 

20 previously, and stores them back in DMA accessible memory. When all of the. readings have been 
calibrated and converted, the microprocessor initiates a DMA transfer of the stored test results to the printer 
interface 324 which in tunrTcatises thtf printer to priht the test results -for ;each patient identification code in 
the form of normalized class scores for each capture allergen of the panel of assays. ' . : 1 

After the test results areTmisfeied jSrintirig, the microprocessor tr^ to the display 

25 interface 326 to"prorri0t r the 'bptfratbt ; to^ 18. The 

microprocessor controls ftfie indexing-of the carousel and the removal bf thd spent cartridges in substantially 
the same riianner ais the- ihtfbdubtibn dfthe r various reagents described above. o : 

: The foregoing descriptibh : of the preferred embodiments of the present invention has been presented 
for 1 purposes of illustration and description; It is riot intended^ to limit the scope of the invention, which is 
30 defined by appended claims and their equivalents. Various modifications and variations of the preferred 
embodiments are possible in light' of the above teachings arid will be apparent to persons skilled in the art. 
* Such- modifications and variations do riot depart from the spirit of scope of the invention and it is therefore 
intended that the scope of the invention be defined by the following claims, including all equivalents. 

Y/here technical features mentioned in any claim are followed by reference signs, those reference signs 
35 have been included for the sole purpose of increasing the intelligibility^ of the claims and accordingly, such 
1 reference signs do not have any limiting effect oh the scope of each element identified by way of example 
by such reference signs. 

40 Claims 

1. Apparatus for providing assay calibration data for assaying a biological sample, comprising: 

means containing predetermined assay calibration. data for normalizing the results of at least one assay with 
respect to at least one predetermined standard value, said calibration data including first code means for 
45 identifying at least one assay to which said calibration data corresponds; 
storage means for storing said calibration data; 

means for entering said calibration data from said means containing said calibration data to a location in 
said storage means; 

means adapted for use in carrying out at least one assay, said means containing second code means 
so corresponding to the said at least one assay to be carried out and 

means responsive to said second code means for correlating said second code means to said first code 
means to access the calibration data in said storage means. 

2. The apparatus defined in claim 1 wh rein: 

said means containing said calibration data includes means containing machine-readable calibration data; 
55 and 

said means for entering said calibration data includes reader means for reading said machine-readable 
calibration data. 

3. The apparatus defined in claim 1 wherein said means containing said calibration data comprises 
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means containing calibration data for normalizing each or a preselected panel of assays each with respect 
to at least one predetermined standard value, and wherein .said first code means identifies said preselected 
panel-pf assays to which said calibration .data corresponds. - .-. . - ■«.. 

4. The apparatus defined in .claim 1 wherein said ^means adapted for use in carrying out at least one 
5. assay ^comprises - disposable, reaction cartridge- means, haying, bound thereto at least .one preselected 

binding component. for the assay to be carried out i :. ;v <:, - ; ^ ; - - - 

5. The apparatus defined in claim 1 wherein: * , . 

. said means adapted for use*in carrying put at least one. assay-and, containing second code means includes 
means containing machine readable second code means; and -;r • : , , ■ * 

:io said 1 . means responsive to said second code means includes:; reader means for - reading rsaid machine 
v / readable; second code means. — 1 : !, ... * . : : \ > .t .-.:>< ■ ,,l : 

- 6. A method for providing assay calibration data for use. by ran instrument which is operative to assay a 
. : < biological sample, comprising the steps of:, =,•■)- ,;v. ■:*.-;* . . /: 

- providing predetermined assay r calibration data 3 adapted for .use ; in no^Tnaii2ing,the^resuIts of at least one 
-;s -assay with respect to at least one .predetermined standard value, said calibration- data -including first code 
means for identifying at least one assay to whictvsaid calibration data corresponds;; «\ 
entering said calibration, data into a : location; in a data storage ;means;, > : J^;:.;:^:: >. f ..r ■■■ - 
providing means adapted fot.use .by . a, said instrument ia..f.anying put aMaast one,, assay, said means 
containing second code means corresponding to the said at least pne..assay. to be: carried out; and 
20 using said second code means to access the calibration .data haying^corresponding first code means in said 
data storage means. v , • v: . »-i t^i a*rr : -.v 1 - 

.7.* The.- method defined in claim, 6 wherein:- ,- : - rr.z*r. y.\ i - * 
- the . step of providing;^iibration.;data : includes provndingiimeans containing machine^ readable calibration 

. data; and' .o 'v.-;-*;. -ri V a ; .'•■'v c .-^f c/i: :< .; ■■ 1 : , : 

25. the step: of, entering rsaid calibrati includes providing reader means for 

; .^readings said: machine^re^^ Fi . 

- : ;:S." The , method s defined in claim 6 : wherein the step, of providing .calibration data Includes providing 
calibration data adapted for % use by^ a said . instrument r in : .normalizing the result of each assay of a 
preselected panel of . assays with, respect >to at least one corresponding predetermined standard value, the 
30 calibration data including .first code means which identifies the preselected panel of assays tomhich said 

calibration data corresponds. > , . • r • - -- • . 

9. The method defined in claim : 6 wherein, the step of ( providing means adapted for use by a said 
. instrument in carrying out at least, one assay includes providing disposable reaction cartridge means having 
bound thereto : at least one preselected binding component for the assay to be carried out 
as : 10. The method defined in claim 6 wherein, the step of, providing, means adapted for use. by a said 
instrument in carrying out at least one assay Includes providing disposable reaction cartridge means having 
bound thereto in spaced relationship a plurality. of preselected assay binding components for a preselected 
panel of assays to be carried out. - ■ .-. . • 



40 



-45 



50j 



.55 



27 



EP 0 353 589 A2 i,.: : .•*..."•." 




EP 0 353 569 A2 




Allergy Rone I | 



date 



-eap4oie:|l/5/e7 



LOT** 029587 -i 



96 




7^- 7 /"7 " ^ - ;;.: : J04- 




138 



EP 0 353 589 A2 



eingereicht / richly tiled 
4ouvellement u3pos§ 



to 



O 



CVJ 



to 

CVJ< 

ca 



o 
cr 



o 
o 

o 



V V 



o 

IO 
CM 




■3£ 




Si 
> 



to 



iS"' 




o 



< 



< 



uj — — £ z p -J O 



I o o 



«8 



■41 — li 




*3 



T 
> 




0 



Europaisches Patentamt 
European Patent Offic 
Office europeen des brevets 




© Publication number: 



0 353 589 A3 



EUROPEAN PATENT APPLICATION 



© Application, number: 89113614.5 
© Date of filing: 24;07.89 • . 



© intciAGOIN 33/53, G01N 21/47, 
\ . G01N 35/02 



© Priority: 02.08.88 US 227586 

® Date of publication of application: 

07.02.90 Bulletin 90/06 

. * - * ^ 

© Designated Contracting States: , 

AT BE CH DE ES FR GB GR IT LI NL SE 

® Date of- deferred publication of the search report: 

13.03.91 Bulletin 91/1 i ^ — 



© Applicant ABBOTT LABORATORIES 

CHAD-0377, AP6D/2, One Abbott Park Road 
Abbott Park, Illinois 60064-3500(US) 



© Inventor:. Donohue, Joseph Patribk 
1215 Hickory Street ~ 
Waukegan Illinois 60085(US) j 
InventoaMattimiro, Christopher Nicholas 

\- 1 1 26 Crestf ieid Avenue * • . 

- V JUbertyyiJIe Illinois 60048(US) 
InveritonfBailey; Mark Wallace : 

. ^ . t 786 Llewellyn ^Avenue 
- - Highland Park Illinois 60035(US) 



© Representative: Modiano, Guido et al 
MODIANO, JOSIF, PiSANTY & STAUB 
Modiano & Associati Via Mera vigil, 16 
1-20123 Milano(IT) 



© Apparatus and method for providing assay calibration data. 



< 
00 

m 

CO 

m 

CO 



© A semi-automated biological sample analyzer 
and subsystems are provided to simultaneously per- 
form a plurality of enzyme immunb assays for-himan 
IgE class antibodies specific to a panel of preselec- 
ted allergens in each of a plurality of biological 
samples. A carousel (18) is provided to position and 
hold a plurality of reaction cartridges (80). Each 
reaction cartridge includes a plurality of isolated test 
sites formed in a two dimensional array in a solid 
phase binding layer contained within a reaction well.. 
(86) which is adapted to contain a biological sample 
to be assayed. The carousel and cartridges contain 
structures which cooperate to precisely position the* 
cartridges in each of three separate dimensions so 
that each cartridge is positioned uniformly. An op- 
tical reader (32) operating on a principle, of diffuse 
reflectance is provided to read the results of the 
assays from each test site of each cartridge. Also 
provided is a subsystem which provides predeter- 
mined lot-specific assay calibration data which is 
useful for normalizing the results of various assays 
with respect to predetermined common standard val- 
ues. 
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© A semi-automated biological sample analyzer 
and subsystems are provided fb simultaneously per- 
form a plurality of enzyme immuno assays for himan 
IgE class antibodies specific to a panel of preselec- 
ted allergens in each of a plurality of biological 
samples.- A carousel (18) is provided to position and 
hold .a" plurality of reaction cartridges (80). Each 
reaction cartridge includes a plurality of isolated test 
sites formed in a two dimensional array in a solid 
phase binding layer contained within a reaction well 
(86) which is adapted to contain a biological sample 
to be assayed. The carousel and cartridges i contain . 
structures which cooperate to precisely position the 
cartridges in each of three separate dimensions so 
that each cartridge is positioned uniformly. An op- 
tical reader (32) operating on a principle of diffuse 
reflectance is provided to read the results of the 
assays from each test site of each cartridge. Also 
provided is a subsystem which provides predeter- 
mined lot-specific assay calibration data which is 
useful for normalizing the results of various assays 
with respect to predetermined common standard val- 
ues. 
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